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ABSTRACT
Unlike some Asian languages (e.g., Korean), English has lexical stress manifested by
four acoustic features: duration, intensity, F0 (pitch), and vowel quality. Lexical stress has been
known to have significant influences on native English speakers’ recognition of spoken words.
According to Cutler (2015), lexical stress has both suprasegmental and segmental features:
Suprasegmental features include duration, intensity, and F0 while vowel quality is considered a
segmental feature. However, it is still unclear which lexical features are more responsible for
spoken word recognition. This study examined which features, suprasegmental features or vowel
quality of English, are a more significant influencer in spoken word recognition using English
loanwords in Korean, which lack the prominence of any syllable realized by these features.
Additionally, this study investigated the claimed advantage of the strong-weak stress pattern over
a weak-strong pattern. To that end, two experiments were conducted. First, a parallel acoustic
comparison was made between disyllabic English words and their corresponding English
loanwords in Korean in order to investigate whether Korean has lexical stress features similar to
those of English. 10 Korean and 10 English native speakers read 20 disyllabic words: the English
loanwords in Korean by Korean participants and the source English words by American
participants. The results showed that the differences of acoustic values between the syllables of
the English words were significantly larger than those of the English loanwords. That is, the
relative prominence of the stressed syllable over the unstressed syllable in English was not found
in Korean. Additionally, the results indicated that Korean does not have a reduced vowel such as
/ə/ in English, which is a critical feature of English vowel quality. In Experiment II, 16 English
loanwords were used to create three versions of a spoken word recognition experiment, which
was administered using the online survey platform, Qualtrics. Each version had a different type
viii

of manipulation: unmanipulated English loanwords, English loanwords with suprasegemental
manipulation or English loanwords with vowel quality manipulation. 117 American English
hearers identified the spoken words of one of the versions assigned to them; their success rates
and reaction times (RT) were recorded. A binominal regression test was used for the analysis of
success rates, and the Kruskal-Wallis H test for the response times. The results indicated that as
far as success rates are concerned, both suprasegmental features and vowel quality play a role in
recognizing spoken English words. However, when these two features were compared, vowel
quality seemed to be a much stronger player. As for stress patterns, no significant differences
were found in success rates across the three sets of manipulation. Moreover, this study did not
find any significant difference in RTs either across the three manipulation sets or the two stress
patterns. This study offered many applied implications in ESL, especially for teaching English
pronunciation in Korea.
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CHAPTER ONE:
INTRODUCTION
In the area of cross-language perception (i.e., perception involving two different language
systems), research on segmentals (e.g., consonants and vowels) and/or suprasegmentals (e.g.,
lexical stress and intonation) has revolved around a debate about which phonetic features play a
more significant role in native listener’s intelligibility. Some researchers argue phonemes,
individual consonant and vowel sounds, in English have a significant impact on listeners’
intelligibility. They say that all phonemes produced by English language learners are likely to be
affected by their native language and thus be deviant from the native norm, which will entail
some reduced intelligibility for native English listeners (Chela-Flores, 2001; Collins & Mees,
2013; Fraser, 2001; Jenkins, 2000; Rogers & Dalby, 2005; Tanner & Landon, 2009). On the
other side of this debate are researchers who view suprasegmental features as important for
intelligibility as consonants and vowels in English (e.g., Benrabah, 1997; Hahn, 2004; Kang,
2010a).
In English pronunciation teaching, the debate on the relative importance of segmentals
and suprasegmentals on listeners’ perception is naturally related to the question: “what features
of ESL (English as a second language) phonology are necessary to teach?” which is one of three
macro-level themes of English pronunciation teaching suggested by Murphy and Baker (2015, p.
56). Researchers have conducted studies of teaching pronunciation focusing either on segmentals
or suprasegmentals following their view on the relative importance of one over the other. Out of
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those studies, for example, teaching segmentals and its implication for comprehensibility was
investigated by Saito (2011), and Tanner and Landon (2009) explored how teaching
suprasegmental features affected learners’ perception and production of English. However, to
date, there is little empirical evidence that one feature should be given priority over the other in
pronunciation teaching (Zielinski, 2015). Therefore, a mixed approach to teaching pronunciation
valuing both kinds of features seems to be best (Celce-Murcia, Brinton, Goodwin, & Griner,
2010).
When the same debate is narrowed down to ‘spoken word recognition,’ the roles of
segmental and suprasegmental features have not been fully established either: Which
components play a more crucial role in word recognition and how do they interact in the
mechanism of processing sound signals? Interestingly, lexical stress in English possesses both
segmental and suprasegmental features (Cutler, 2015b). That is, it is manifested by
suprasegmental features such as longer duration, higher fundamental frequency (F0), and greater
intensity in a stressed syllable than in an unstressed syllable (i.e., F0 is pitch, and intensity is the
amount of energy for making a sound. For the further definitions of F0 and intensity, see the
definitions of terms at the end of this chapter). Stressed syllables also attain their prominence
through a segmental feature, vowel quality, which is the contrast of a full vowel in the stressed
syllable and a reduced vowel in the weak syllable (van Donselaar, Koster, & Cutler, 2005). For
instance, in balloon /bəˈlun/ (the syllable in bold denotes a stressed syllable), /ə/ in the first
syllable is a reduced vowel (schwa) with /u/ in the second syllable being a full vowel. The
contrast between this reduced and full vowel in the word balloon results in prominence on the
second syllable. In that regard, through probing this feature – lexical stress – this dissertation
aimed to shed light on the persisting issue: Which attribute, vowel quality or suprasegmental
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stress features, plays a more crucial role in the recognition of English words which are
simultaneously heavily influenced by a speaker’s L1 phonetic features different from those of
English?
Cutler and others (Cutler, 1986; Cutler & Carter, 1987; Cutler & Clifton, 1984) have also
consistently emphasized the prominent role of a full vowel at the onset position in recognizing
English words. They argued that around 75% of English words begin with full vowels, which
signal the initiation of a new word (Cutler & Carter, 1987). According to them, English full
vowels are typically followed by reduced vowels like a schwa /ə/; therefore, English hearers
might be slow in perceiving spoken English words or nonwords by native speakers with
consecutive full vowels or beginning with reduced vowels. Thus, the current study also aimed to
explore whether stress patterns (full•full, reduced•full, full•reduced) have an effect on native
English hearers’ intelligibility of spoken English words. The results of this study might provide
some additional grounds proving/disproving the position that the stress patterns of English words
have an effect on word recognition.
In an effort to explore the role of English lexical features in recognizing English words
heavily influenced by a learner’s first language, this study employed English loanwords in
Korean (i.e., English words that have been borrowed into Korean like a Korean word, 카피
borrowed from the English word, copy). Korean words are known not to have lexical stress, that
is, they do not have a syllable which is distinguished by suprasegmental features and vowel
quality as in English. In other words, English loanwords in Korean have no alternation of full
and reduced vowels; they also do not have a salient syllable realized by higher pitch, longer
duration, and greater intensity than in other syllables.
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Asking English native speakers to identify manipulated English loanwords in Korean
(English loanwords) lacking suprasegmental features and ones with deficient vowel quality
might enable researchers to compare these two features and their roles in the recognition of
spoken English words. Though being Korean, English loanwords have consonants and vowels
similar to those of English counterparts. However, their phonemes do not exactly match those of
English words; therefore, English loanwords can make an optimal alternative stimuli to those of
previous spoken word recognition studies which used English words spoken by English native
speakers (hereafter, ENS). The stimuli produced by ENSs have sufficient segmental information,
which encourages English hearers to rely on segmental features making suprasegmental
information redundant (van Donselaar et al., 2005). English loanwords with insufficient
segmental information might guide hearers’ attention to the suprasegmental features the studies
intend to investigate.
Using English loanwords in this study is based on the premise that Korean words do not
have lexical stress realized by acoustic cues such as pitch, intensity, and duration as well as the
alternation of full and reduced vowels as opposed to English. There has been some controversy
whether Korean has lexical stress, and to date, the researcher is not aware of any study that has
provided decisive evidence on this issue. However, the general view shared among many
researchers is that there is no lexical stress at least at the word level (Jun, 1998, 1993; Shin &
Lee, 2016). This view is supported by one recent empirical study by Lee (2015), who found that
Korean does not have lexical stress at the word level realized by the acoustic cues used in
English. Furthermore, she noted that no reduced vowel is found and all the Korean vowels are
pronounced as a full vowel. Despite the substantial body or work exploring lexical stress in
Korean, few studies have attempted to make a parallel comparison between Korean and English

4

in terms of lexical stress features. Given that there are few empirical studies providing support
for the difference in acoustic features between Korean and English, a need arises for the
investigation on whether acoustic features in Korean are significantly different from those in
English in regards to lexical stress. English loanwords can make suitable stimuli in the direct
comparisons of acoustic features in both languages in that all the syllables in the words of both
languages are comprised of similar consonants and vowels.
Purpose of the Study
First, this study has a purpose of comparing the acoustic features of English and Korean
words (English loanwords) and investigating whether the features accountable for lexical stress
in English show significant differences between the two languages. The primary assumption of
this study is that the Korean language does not have stress similar to English lexical stress, which
is realized by various acoustic cues (F0, duration, intensity, and vowel quality). There is a
consensus by researchers that Korean has no stress at the word level, that is, Korean words do
not possess prominent syllables compared to other syllables in a word (Jun, 1993; Koo, 1986;
Lee, 2015). Yet, there has been little research which conducted acoustic analyses to compare
words in the two languages. Comparing English loanwords in Korean by Korean native speakers
(KNSs) to English words by English native speakers (ENSs) will uncover how these languages
are similar or different regarding acoustic cues of spoken words. If the analysis does indeed
corroborate previous assertions that Korean does not have lexical stress realized as it is in
English, then the results will not only provide empirical support to the position this study is
based on, but also make a contribution to the current literature concerning acoustic comparisons
between Korean and English.
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The second purpose of this study is to investigate which features of lexical stress,
suprasegmental features or vowel quality, are more influential in ENS’ recognition of spoken
words. Cutler and Clifton (1984) proposed that though hearers actively utilize lexical stress in
order to identify a spoken English word, they exploit suprasegmental information less than that
of vowel quality. Cutler (1986) went further to claim that suprasegmental cues hardly play a role
in identifying a spoken word in English: the words forbear and forbear (the syllable in bold is
stressed) are treated as homophones because they lack the contrast of a full and reduced vowel.
The rather extreme results of her study, however, did not receive general acceptance by other
researchers in the field who argued that English pairs with two consecutive full vowel syllables
are quite rare. On the contrary, Connine, Clifton, & Cutler (1987); Cooper, Cutler, & Wales
(2002); and Slowiaczek (1990) demonstrated suprasegmental information alone, without the
contrast of strong and weak syllables, facilitates hearers’ lexical access. In short, the relative
weight between these segmental and suprasegmental features needs to be researched more
thoroughly. If it turns out suprasegmental features play a minimal role compared to vowel
quality in recognizing spoken English words, ESL teachers might direct their focus more on
vowel quality in teaching English lexical stress. To that end, the current study aimed to explore
the proportional weight of these two features and provide a better understanding of lexical stress
and its influence on spoken word recognition.
Lastly, this study investigated whether the stress pattern with a full vowel followed by a
reduced vowel in a disyllabic word (e.g., co•py, where • indicates a syllabic boundary) is more
advantageous in the recognition of spoken words than the pattern with a reduced vowel followed
by a full vowel (e.g., ma•chine). Cutler and her colleagues (Cutler & Clifton, 1984; Cutler, 1986;
Cutler & Norris, 1988; Norris, McQueen, & Cutler, 1995) proposed that onset syllables with full
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vowels in English are the location for initiating segmentation and lexical access. Therefore, they
posited that a reduced vowel in onset position might hinder the activation of accurate lexical
candidates in the lexicon because listeners tend to conceive the second full vowel as the onset of
another word. That is to say, the full vowel of the second syllable in ma•chine might confuse
listeners to regard them as an onset of a new word, which might lead to a delay of lexical
activation. In that respect, this study aimed to examine whether the syllable pattern has a
significant impact on the recognition of spoken English words. Specifically, it explored whether
the pattern of the syllables (reduced•full) inhibited the activation of lexical candidates more than
that of the syllables (full•reduced). The effect of the stress pattern in the present study was
measured by the success rate of word identification as well as response time, which has been
commonly used in previous studies.

Research Questions
For the purpose of fulfilling the objectives mentioned above, the following research questions
were investigated:
1. Is there a difference in acoustic features (F0, intensity, duration, and vowel quality)
between English loanwords in Korean spoken by KNSs and corresponding English words
spoken by ENSs?
2. a. Is there a difference in native English hearers’ recognition rates and response times of
three different sets of disyllabic English loanwords in Korean: Original English
loanwords in Korean, English loanwords in Korean with lexical stress (higher pitch,
longer duration, and higher intensity) on the stressed syllable, and English loanwords in
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Korean with manipulated vowel quality (stressed syllables with full vowels and
unstressed syllables with reduced vowels)?
b. And is there any perceivable pattern emerging in the English native hearers’ incorrect
responses?
3. Is there a difference in native English hearers’ recognition rates and response times of
three different sets of disyllabic English loanwords in Korean depending on the stress
patterns of the source language (English): strong-weak vs. weak-strong syllables?
The first research question aimed to reveal whether there is a difference in acoustic
features between English loanwords in Korean and English words. This study used two sets of
speech samples by KNSs and ENSs, whose tokens are English loanwords in Korean and their
source English words. They are similar to each other in the number of syllables, syllabification,
syllable structures, and phonemes constituting the syllables except for lexical stress features.
Therefore, an acoustic analysis of the productions of these two groups disclosed whether there is
a significant difference in acoustic features accountable to lexical stress between two languages.
The primary goal of the second question is to probe how English lexical stress features
(suprasegmental features vs. vowel quality) impact English native hearers’ recognition of spoken
disyllabic English loanwords in Korean. To that end, this study used three different sets of
English loanwords in Korean (English loanwords): one original and two manipulated sets of
English loanwords. The original English loanwords have no lexical stress features, and their
segmentals are also different from English native hearers’ norms. The second set is comprised of
manipulated English loanwords containing suprasegmental features of English lexical stress. The
third set consists of manipulated English loanwords with English vowels. The three sets
represent three different conditions for hearers respectively: tokens lacking any English lexical
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stress features, tokens lacking the appropriate vowel quality of English lexical stress, which is a
segmental feature, and tokens lacking suprasegmental features (duration, pitch, and intensity). A
comparison among these sets provided insights on the roles of the two different features of
lexical stress in English (suprasegmental vs. vowel quality). The answers to this question are
important because the findings can shed light on an old issue, mainly, on the relative importance
of these two features in spoken word perception, and which feature should be the focus in
English pronunciation classrooms. Additionally, the incorrect answers by the English native
hearers were analyzed to find distinguishing patterns which might provide clues to breakdowns
in intelligibility.
The goal of the third research question is to reveal how English stress patterns affect the
intelligibility of spoken English loanwords in three different conditions. Cutler (1986) suggested
that vowel quality plays a primary role in the recognition of spoken English words, and proposed
that the strong-weak stress pattern (SW) is a stronger cue in activating lexical access than the
weak-strong stress pattern (WS): the strong syllable has a full vowel while the weak syllable has
a reduced vowel. For this question, the current study specifically aimed to examine whether the
SW stress pattern has a significant advantage over the WS stress pattern in recognizing spoken
Korean loanwords. Previous studies (Cutler & Carter, 1987; Cutler & Clifton, 1984; Cutler &
Norris, 1988; Fear, Cutler, & Butterfield, 1995) on this topic have used response time (RT) for
analyzing the effects. The current study used both success rates and RTs, and adding success
rates is expected to give an insight on how the stress patterns affect the success of recognizing
spoken words.
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Definition of Terms
First formant (F1): An acoustic correlate related to the openess of the mouth when a person
produces a vowel with high vowels having lower F1 than low vowels (e.g., /æ / as in the word
hat would have a higher F1 than vowel /i/ as in the word heat)
Fundamental frequency (F0): The frequency at which the vocal folds vibrate, also referred to as
pitch.
Gating: In this psycholinguistic test, participants are presented with only a portion of a stimulus
and in the second attempt, they are given a larger portion of the stimulus than in the first
attempt. Stimuli are presented with increasing portions of the stimulus until they are
recognized by participants.
Lexical access: When listeners receive sound signals, they try to match them with their lexical
representation (words) in the lexicon.
Lexical judgement: It is one of the intelligibility tests from psycholinguistics. In this test,
participants listen to words and judge whether they are real or nonwords.
Lexicon: A mental storage where some representations of words are preserved.
Perceptual identification: It is one of the intelligibility measurements from psycholinguistics. It is
the simplest way to study speech recognition, and involves participants listening to isolated
words and identifying them.
Priming: This test from psycholinguistics uses two words, and when auditorily or visually
presented with two consecutive words, listeners decide whether the second word is a real or
nonword.
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Second formant (F2): An acoustic correlate related to the place of the tongue. High F2 indicates
the tongue is at the front of the mouth (e.g., /i/ as in heat) whereas low F2 indicates the tongue
is at the back of the mouth (e.g., /u/ as in hoot).
Segmentals: They are also called phonemes, individual consonant and vowel sounds of a
language.
Segmentation: Divding a continuous speech signal into smaller units so that listeners can process
the incoming acoustic information for lexical access
Shadowing: A kind of test for intelligibility from psycholinguistics. In this test, participants
listen to an auditorily presented word and repeat what they hear. Response time (RT) between
the offset of the first auditorily presented word token and the onset of the word repeated by
the participants is measured; RT is used to infer the starting point of lexical activation.
Strong syllables: Syllables containing full vowels
Suprasegmentals: The significant acoustic features that accompany vowels and consonants (e.g.,
stress, tone, intonation, syllabic juncture). In this study, suprasegmentals refer to duration, pitch,
and intensity.
Vowel quality: A full vowel in stressed syllables and a reduced vowel in unstressed syllables
Weak syllables: Syllables contatining reduced vowels usually represented by /ə/ or /ɪ/
Chapter Summary
This chapter began with a discussion of crosslinguistic influences in speech perception
and also presented a debate on the relative importance of suprasegmental and segmental features
in crosslinguistic speech recognition. Along with this debate was presented the unique position
of lexical stress of English, which is manifested by suprasegmental as well as segmental features
(Cutler, 2015). With regard to the question of whether one feature is more critical than the other
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for spoken word recognition in English, there exist two different views. On one side is a group of
researchers claiming that suprasegmental features are more critical in the recognition of speech
signals. In contrast, researchers on the other side claim that suprasegmental features play a
negligible or redundant role in word perception owing to a unique feature of English lexical
stress: vowel quality (Cutler, 1986; Cutler & Clifton, 1984). They argued that the alternation of
full and reduced vowels provides sufficient information to listeners so that no need arises to pay
attention to suprasegmental features. Lastly, a need was presented for acoustically analyzing the
measurements of lexical features in both English loanwords and English words.
The study has three main goals. First, this study has a goal of revealing whether Korean
tokens are different from English tokens in respect to the acoustic features of lexical stress.
Second, this study aimed to probe which features play a more significant role in spoken word
recognition. Third, this study explored the stress patterns of the metrical system (strongweak/weak-strong syllables) and investigated whether one pattern has a greater impact on word
recognition.
Chapter 2 provides background on the theoretical models underpinning this study,
including the model adopted by this study: Cutler & Norris’ Metrical Segmentation Strategy
(1995). Then, previous studies conducted under the overarching topic of this study are presented
with the gaps to fill at the end.
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CHAPTER TWO:
LITERATURE REVIEW
Key Concepts of the Study
In the following sections, three crucial concepts overarching this study are explained in
detail. First, lexical stress is presented with a discussion of its acoustic features as well as some
operationalized definitions. This is followed by a discussion of intelligibility, which has been an
elusive term to grasp because it denotes different meanings to different researchers. Its
definitions are operationalized under the perspective of second language acquisition research.
Next, the phonological features of English loanwords in Korean (English loanwords) are
provided along with a discussion of Korean loanword prosody. Lastly, the rationales for using
English loanwords for stimuli are offered.
Lexical Stress
Of all the suprasegmental features in English, lexical stress is the feature which has
garnered the most attention in research on spoken word intelligibility. While other features in the
research of intelligibility have been explored in combination with one or two other features,
many studies have explored lexical stress on its own. This fact might indicate the relative
significance lexical stress holds compared to other features in English. As a result, many articles
and book chapters have been produced on this topic. Before proceeding further with a discussion
about lexical stress, a need arises for clarifying the definition of stress because this term is used
differently by some researchers, and on some occasions, other researchers use ‘accent’ in place
of this term.
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Textbook definitions and major reference books regarding English pronunciation may
help to grasp the overall periphery of this term. Zsiga (2012) defined stress as the “prominence
relation between syllables” and stated that “linguistic stress is always a matter of relative
prominence” (p. 365). In another book (Yavas, 2011), stress is defined as a term manifesting a
variety of distinctive features: “stress is a cover term for the prosodic features of duration,
intensity, and pitch; thus, the prominence of stressed syllables is generally manifested by their
characteristics of being longer, louder, and higher in pitch than unstressed syllables” (p. 156).
This definition is also generally compatible with the definitions found in dictionaries and other
textbooks.
However, there is one scholar who uses the term accent in place of stress. In his seminal
English pronunciation textbook, Gimson’s pronunciation of English (eighth edition), Cruttenden
(2014) wrote, “words are made up of phonemes and show meaningful contrasts and the syllable
of a word which stands out from the remainder are said to be accented, to receive an ACCENT”
(p. 242). The central attributes of his definitions are not divergent from those of others.
According to Cruttenden, accented syllables have salience and stand out from the remaining
syllables by nature of their relative prominence. Notwithstanding his continuous use of the term
accent over stress, a large number of scholars prefer using the term stress to represent relative
prominence on a syllable.
On the contrary, some scholars distinguish between the two terms stress and accent.
Accent (or pitch accent) is used to indicate phrase-level prominence in intonation and is
distinguished from word-level prominence, which is termed stress (Liberman & Pierrehumbert,
1984; Sluijter & Van Heuven, 1996). By the same token, Beckman (1986) used the term stress
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for the word-level prominence found in languages such as English, Russian, Dutch and so on,
whose system is characterized by culminativity of the prominence.
Cutler (2008) also classified stress as “accentuation of syllables within words, or of
words within sentences” (p. 264) and focused her research on stress at the word level: lexical
stress. She further suggested, “lexical stress variation has the word as its domain” (p. 271). Thus,
in the word language, as prominence culminates in the initial syllable, the first syllable over the
second syllable receives stress. Stress is an abstract concept; however, when listeners hear
sounds and attempt to perceive stress, they are obliged to rely on the physical realities of stress
because stress associates with acoustic cues to make its representation (Cutler, 2008). In the
current study, in line with many previous studies, the term stress will be defined as prominence
on a syllable at the word level.
Many researchers have investigated the acoustic cues of lexical stress and their
correlative weight in perceiving stress. A pioneer in this field is Fry. He selected intensity and
duration as two acoustic cues and investigated their relationship to the perception of stress
(1955). He first studied the spectrograms of these cues in English minimal pairs which have
different meanings as stress shifts from one syllable to the other syllable (e.g., conduct and
conduct). In these types of word pairs in English, stress falls on the initial syllable for nouns
while it falls on the second syllable in verbs. Then, he asked English listeners to judge whether
the word they heard was a noun or verb. Based on the results, he suggested that both cues
(intensity and duration) correlate with the judgment of stress. However, when these cues are
explored separately, duration is a more effective cue than intensity: the noun judgement
increased by 70% with longer duration on the first syllable whereas it only increased 27% with
higher intensity.
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In a follow-up study, Fry (1958) added one more correlate to those of the previous study:
fundamental frequency (F0), which is the perceived pitch of the produced sound. In his 1958
study, as in the previous one, the raters listened to the stimulus words of noun-verb minimal
pairs, which were synthesized so that the words had varying quantities of each target feature. The
results of the listener judgment test confirmed the effectiveness of duration and intensity on the
judgment of stress. The study also indicated that while F0, duration, and intensity are still
significant physical cues to stress, the results of the F0 test provided another insight on how F0 is
manifested as a stress cue. Whereas the magnitude of the F0 turned out to be relatively
unimportant, an F0 change in and of itself significantly affected the raters’ perception of stress.
In other words, F0 which does not accompany changing pitch contributes little to the perception
of stress.
Sluijter and Van Heuven (1996) conducted a study to investigate the influences of the
acoustic cues of lexical stress, including vowel quality, on perception. They used an existing
speech corpus of four noun-verb minimal pairs and “three different reiterant speech copies” (p.
630). The speech copies were read by an American female speaker in a fixed sentence both with
and without sentence accents. Similar to previous studies, statistical analyses on the
measurements suggested that stressed syllables are longer than unstressed ones, confirming the
importance of duration as an acoustic cue of stress. The authors also hierarchically ranked the
stress cues depending on their relative acoustic strength: duration and vowel quality were ranked
among the highest in terms of their relative acoustic strength. In short, the literature on lexical
stress seems to suggest that four physical cues influence the perception of stress in concert.
Following are the four common features shared by previous studies:
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1. Duration: Vowels in stressed syllables are longer than those in unstressed
syllables.
2. Intensity: Stressed syllables are produced with greater articulatory effort such as
higher muscular energy and perceived as a sound’s loudness by a listener.
3. Pitch variation: High pitch and pitch change are strongly associated with stressed
syllables.
4. Vowel quality: While the vowels in stressed syllables are pronounced with full
vowels, the ones in unstressed vowels are reduced to /ə/ or /ɪ/.
Intelligibility
Another key concept underpinnig this study is intelligibility. Intelligibility is essential in
communication between a speaker and a listener. The goal of communication between two
entities cannot be achieved when a speaker’s intented message is only partially understood or the
listener’s understanding is not compatible with the speaker’s intention. Successful
communication inevitably requires shared understanding between these two, which is the general
definition of intelligibility by Gimson (1970). However, a definition of intelligibility is elusive,
and researchers define this term differently depending on their differing perspectives.
In an effort to delineate this term more fully, Smith and Nelson (1985) introduced three
concepts—intelligibility, comprehensibility, and interpretability—and attempted to make
distinctions among them. Intellgibility is concerned with the recognition of a word/utterance
while comprehensibility is to understand a word/utterance’ locutionary meaning, and
interpretatbility is related to figuring out the illocutionary meaning. In a different
operationalization of this term, Gass and Varonis (1984) defined comprehensibility as the
percentage of the words or sentences a listener correctly transcribes, which happens to overlap
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with the definition of intelligibility used by others. In regard to second language listening, Munro
and Derwing (1995) defined intelligibility as the extent to which a listener understands a
speaker’s intended messages. The present study adopts their definition of intelligibility in that it
is conducted under the perspective of SLA pronunciation teaching and is concerned with how
learner characteristics of speech may interfere with the conveyance of a message.
There are also two important concepts linked to intelligibility which need to be
distinguished: local and global intelligibility. Local intelligibility concerns the recognition of
relatively small units, such as segments or words, and denotes how well a listener recognizes
those. On the other hand, global intelligibility is associated with larger units such as sentences
with ample contextual meanings (Munro & Derwing, 2015). In that respect, the present study
explores local intelligibility, focusing on isolated words as in Field (2005), which is helpful for
researchers to “understand L2 learning processes” and “identify a speaker’s errors” (2015a, p.
361).
Measuring intelligibility in empirical studies is complicated because it cannot be simply
measured by an acoustic analysis of the speaker’s responses. Moreover, since intelligibility
entails recongizing a speaker’s intentions, measurers always need to refer to speakers’ intentions
to evaluate the speaker’s intelligibility (Munro & Derwing, 2015). Previous studies have
employed various measures of intelligibility such as dictation and word count, cloze tests,
interviews, sentence verification, summaries, and comprehension questions. Out of these
techniques, dictation and word count is by far the most commonly used in speech intelligibity
studies in pronunciation research (Munro & Derwing, 2015). In this measurement, a researcher
asks pariticipants to transcribe what they hear and then the number of correctly transcribed words
is counted.
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A major objective of the current study lies at probing the influences of lexical stress on
intelligiblity; therefore, single words deprived of any contextual information are deemed to be
suitable stimuli. As in Field (2005), intelligibilty is primarily measured by dictation and word
count. Additionally, from the theoretical perspective from psycholinguistics, which tend to
focuses on the process of lexical access, the current study also explored whether there is any
difference in RT in recognizing spoken words. That is, how long does it take for participants to
reconize the spoken token, and which variable under investigation is more responsible for
listeners’ intelligibility? In that respect, dictation and word count as well as calcuting
participantss’ RTs might be useful to investigate a single linguistic feature, lexical stress, in the
production and perception of speech.
English Loanwords in Korean
Adopting words from one language to another inevitably requires a series of
considerations because there are differences between the phonological inventories of the target
and source languages. When borrowed words are nativized into a target language, they follow
the phonological rules of the target language (Shin, Kiaer, & Cha, 2012, p. 217). For instance,
the English words file and pile are pronounced the same in Korean, as [phail], because the
Korean consonant inventory does not have a correspondent for /f/. Therefore, /f/ is substituted by
the similarly sounding [ph], and two words which are minimal pairs in the source language
(English) become homophones in the borrowing language (Korean). In the following, the
consonant and vowel inventories of English and Korean are presented and compared so that it
can be understood which sounds of English are replaced by which sounds of Korean and
additionally, which restriction rules apply in the adaption process. The Korean phonetic IPA
symbols used for describing English loanword sounds are available in Appendix G.
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English loanword consonants. With respect to Korean consonants, Korean stops have
three subdivisions of lax, tense, and aspirated (i.e., /p/, /p*/, and /ph/). The voiceless English
stops, /p t k/, directly correspond to /ph th kh/ in Korean. While these sounds are aspirated in
initial position in English, they have aspiration in every allowed location in Korean. The English
voiced stops /b d g/ are realized as the Korean lax stops, /p t k/. English labiodentals and
interdentals do not have Korean counterparts, so English /f v θ ð/ are replaced by /ph p (s-s*-th) t/
in Korean. Both English and Korean have three nasals /m n ŋ/. The English affricates /tʃ dʒ/ are
pronounced as /tɕh tɕ/ in Korean. The English non-laternal approximant /r/ and lateral /l/ are
merged to the Korean lateral /l/ (see Table 1). Consistent with the similarity of consonant
inventories between the two languages, Korean listeners rated English /m n w p t k tʃ h/ as
similar to Korean /m n w p t k tʃ h/ in a study of perceptual proximity between Korean and
English consonant sounds (Schmidt, 1996).
There are also restrictions on syllable structure in Korean. In onset position, all Korean
consonants are allowed except for /ŋ/; however, no consonant clusters are allowed. Thus, the
one-syllable English word strike becomes a five-syllable Korean loan word: /sɯ•thɯ•lɑ•i•khɯ/.
In coda position in Korean, fricatives and affricates along with tense and aspirated stops are not
allowed, which results in the following seven consonants occurring in this position: /p, t, k, m, n,
l, ŋ/.
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Table 1. Consonants Correspondence Examples between English and Korean.*
English consonants

English words

Corresponding
Korean consonants

Loanword examples

ph
th
kh
b
d
g
f
v
θ
ð

pie [phaɪ]]
tie [thaɪ]
club[khlʌb]
bed [bɛd]
dog [dɔːg]
game [geɪm]
fan [fæ n]
virus [vaɪrəs]
three [θri]
rhythm [rɪðm]

ph
th
kh
p
t
k
ph
p
(s-s*-th)
t

파이 [phai]
타이 [thai]
클럽 [khlʌp]
베드 [pɛtɯ]
도그 [tokɯ]
게임 [kɛim]
팬 [phɛn]
바이러스[pɑilʌs*ɯ]
쓰리 [s*li]
리듬 [litɯm]

tʃ

cheese [ʧiz]

tɕh

치즈 [ʨʰiʨɯ]

dʒ

jelly [dʒɛlɪ]

tɕ

젤리 [ʨɛlli]

라디오 [lɑtio]
l
league [lig]
l
리그 [likɯ]
*Adapted from. The Sounds of Korean (p. 220), by J. Shin, J. Kiaer, & J. Cha, 2012,
Cambridge: Cambridge University Press.
r

radio [reɪdɪoʊ]

l

English loanword vowels. Korean vowels consist of seven monophthongs /i ɛ ʌ ɯ u o
ɑ/ (Shin et al. (2012); American English has ten monophthongs /i ɪ ɛ æ u ɚ ʌ ʊ ɔ: ɑ/ (Ladefoged,
1993). The English vowels /i/ and /ɪ/ are represented by the Korean high front /i/, and the lax and
tense vowel distinction disappears in Korean. The distinction of English /ɛ/ and /æ / does not exist
in Korean and is merged to Korean /ɛ/. The English high back vowels /u/ and /ʊ/ are not
differentiated in Korean; instead, these two are merged to /u/. There is no distinction between /ʌ/
and /ɝ/, in which both are pronounced as /ʌ/ in Korean. In addition, all r-colored vowels /ɝ ɑr ɔr/
in General American as in assert, start, and north lose the /r/ sound and correspond to the
Korean vowels /ʌ ɑ ɔ/, respectively. One vowel in Korean, of which a counterpart cannot be
found in English, is the Korean high back /ɯ/. In Korean loanwords, this is often used as an
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epenthetic vowel to form a syllable when one syllable in English is adopted into two or more
syllables in Korean (e.g., bus /bʌs/ is borrowed into the two syllable 버스 /bʌsɯ/ in Korean
because /s/ is not allowed as a coda). Table 2 presents the English vowels and their Korean
substitutes, including example words.

Table 2. Vowel Correspondence Examples between English and Korean. *
English vowel

English words

Corresponding
Korean vowel

Loanword examples

i

league [lig]

i

리그 [likɯ]

ɪ

hit [hɪt]

i

히트 [hitʰɯ]

ɛ

dress [drɛs]

ɛ

드레스 [tɯlɛs*ɯ]

ӕ

manner [mӕnɚ]

ɛ

매너 [mɛnʌ]

u

boomerang [bumərӕŋ]

u

부메랑 [pumɛlɑŋ]

ʊ

cookie [kʊkɪ]

u

쿠키 [kʰukʰi]

ɔːr

fork [fɔːrk]

o

포크 [pʰokʰɯ]

ɑ

body [bɑdɪ]

ɑ

바디 [bɑdi]

ɑ:r

card [kɑ:rd]

ɑ

카드 [kʰɑtɯ]

ʌ

muffler [mʌflɚ]

ʌ

머플러 [mʌpʰɯllʌ]

* Adapted from. The Sounds of Korean (p. 225), by J. Shin, J. Kiaer, & J. Cha, 2012,
Cambridge: Cambridge University Press.

English loanword prosody. As far as prosody is concerned, English and Korean are
quite distinct. English is classified as a stress language whereas Korean is classified as a nonstress language, to which many Asian languages belong (Cutler, 2015a). In English, the contrast
of prominence in the syllables of a word can result in a difference in meaning. In English nounverb pairs, the locus of stress gives rise to a distinction between a noun and a verb (e.g., import
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and import). English lexical stress is realized by suprasegmental features such as longer duration,
higher pitch, and greater intensity and the segmental contrast of full and reduced vowels.
Many researchers make different claims about whether Korean has stress at the word
level. Lee (1996) proposed that Korean is a fixed stress language and has a stressed syllable with
prominence in a word. He argued that all Korean words have stress on the first syllable, realized
by higher intensity. However, he later changed his proposal and suggested that word stress in
Korean is a potential place where a pitch accent can occur at the phrasal level (Lee, 1997). Thus,
he ultimately agreed with other researchers (Jun, 1995; Koo, 1986) who claimed that the actual
realization of word stress can be made only at the phrasal or sentence level in Korean. That is to
say, it is possible for the pitch contour of a word to change depending on its location in a phrase
or sentence.
In contrast, Jun (1993) proposed that stress is nonexistent at the word level in Korean.
However, accent, which is realized by fundamental frequency (F0), is present at the levels above
a word: an Accentual Phrase (AP) and an Intonation Phrase (IP). That is, depending on the place
of a word in a phrase and the places of phrases in a sentence, the same word might have a
different pitch contour. Therefore, the varying F0 contour found even in the word level should be
regarded as a potential phrasal tone, not one of acoustic features related to lexical stress. Despite
the controversies surrounding stress in Korean words, the general consensus of most researchers
is that whether or not Korean has stress, Korean words do not have a contrast between full and
reduced vowels. Moreover, any acoustic attributes in Korean words such as pitch, intensity, and
duration do not play a role in making a syllable salient, as in English.
Rationale for using English loanwords in Korean as stimuli. The current study used
English loanwords in Korean as stimuli for exploring features of English lexical stress and their
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relative influences on intellligibility. English loanwords in Korean make an optimal tool for
expanding the existing body of research on this topic because they contain insufficient segmental
information compared to the stimuli used in previous studies. English loanwords have a full
vowel in each syllable unlike their counterpart English words whose syllables contain alternation
between full and reduced vowels. Thus, the use of English loanwords as stimuli provides an
alterantive to the use of speech samples of English learners for crosslinguistic pronunciation
research. Using English loanwords allows for obtaining insights into the crosslinguistic
influences of different prosodic systems on intelligibility. English loanwords do not have lexical
stress realized by both segmental and suprasegmental features, as their English counterparts do,
because when loanwords are adopted into a language (borrowing language), suprasegmental
aspects of the input language (lending language) are partially or completely ignored in the
borrowing language, especially in the case of South Asian languages (Kang, 2010b).
Additionally, Korean only has full vowels; therefore, English loanwords in Korean do not have
the alternation of full and reduced vowels either.
Though there is some controversy surrounding whether Korean has stress, it is claimed
that Korean does not have a syllable with relative prominence achieved by longer duration,
higher intensity, and more pitch movement at the word level (Shin et al., 2012). In particular, in
each syllable of a disyllabic word in Korean, it is assumed the vowels are pronounced with
approximately similar length. Additionally, it is reported Korean words do not have alternation
between full and reduced vowels, as English does; all Korean vowels are prounounced as full
vowels. Furthermore, among syllables of a word in Korean, no distinction is made in terms of
loudness or pitch. Thus, using English loanwords as stimuli enables researchers to investigate
how the lack of lexical stress features might affect intelligibility at the word level. Concurrently,
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English loanwords would be effective in investigating the intelligibility of words with two
consecutive full vowels. Previous studies (viz., Cutler, 1986; Cutler & Clifton, 1984) were not
widely accepted because the two syllable words they used are so rarely found in English (e.g.,
forbeaar). Thus, the results of a study using English loanwords might provide additional insights
into the research of this topic from another perspective.
In addition, English loanwords contain incomplete segmental information. When English
words are borrowed into Korean, their phonemes would correspond to the most approximate
Korean phonemes (Shin et al., 2012). As a result, the segmental information provided by a
Korean speaker is not identical to the segmental information provided by an English speaker;
thus, English loanwords are unlikely to retain sufficient information for native listeners of
English to activate the lexicon without resorting to using the additional information of the
suprasegmental features. As a result, using English loanwords creates a setting in which listeners
will most likely make use of all the available information (segmental and suprasegmental). This
will eventually lead to a better understanding of the role of lexical stress in degraded speech
because “a degraded speech signal may cause listeners to rely more on prosodic cues than when
speech quality is high” (Janse, Nooteboom, & Quené, 2003, p. 118).
Theoretical Background
This study is conducted under the theoretical framework of the Metrical Segmentation
Strategy from psycholinguistics (Cutler & Norris, 1988; Norris, McQueen & Cutler, 1995).
Although many theories have been suggested to explain human perception of spoken words, no
single model has prevailed which can address all the issues stemming from the complex
processes of spoken word recognition. Furthermore, the majority of current theories are centered
on revealing the relationship between phonemes and their roles in activating a lexical
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representation in a hearer’s lexicon (Jusczyk & Luce, 2002). Of course, there have been some
efforts to study the influences of other factors on intelligibility: for example, word frequency
(Morton, 1969), the voice of the speaker (Mullennix, Pisoni,& Martin, 1989; Nusbaum & Morin,
1992), and speech rate (Sommers, Nygaard, & Pisoni, 1994). Few attempts, however, have been
made to explore the influences of lexical stress on lexical access. A notable exception is Cutler &
Norris (1988), in which Cutler attempted to combine her Metrical Segmentation Strategy (MMS)
model with Norris’ Shortlist Model in exploring the role of metrical stress (the alternation of full
and reduced vowels) in speech perception. In the following, two early models, Cohort model and
Trace model, are discussed, followed by a detailed presentation of both MMS and Norris’
Shortlist model.
Cohort Model
The cohort model (Marslen-Wilson & Welsh, 1978; Marslen-Wilson, 1987) is an early
speech perception model solely focusing on the exploration of spoken word recognition. This
model is known to have first investigated how lexical representation is activated in the time
process of perceiving speech sounds (Cleary & Pisoni, 2005). In both early and later versions of
this model, the onsets of the speech signal are considered crucial for lexical access. When a
listener perceives the initial sound signals of a word, a cohort of all candidates matching the first
phoneme are activated. For example, the two first phonemes, /ɛl/, will activate words such as
element, elephant, elbow, elevator, etc. As more sensory inputs come in, the size of the cohort
would dwindle because the candidates mismatching the incoming signals would be eliminated.
Removing competitive candidates out of the cohort would continue up to the point where/when
only a single candidate is left, and this point is referred to as the Uniqueness Point. In some
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cases, recognition occurs even before the offset when other competitive candidates do not remain
in the cohort (e.g., elephant can be identified at eleph-).
In this model, both bottom-up and top-down inputs are utilized in the recognition process.
If top-down information such as phonotactic (e.g., a consonant cluster, sl, is allowed in the onset
of an English word as in slow whereas sr is not permitted) and contextual knowledge is utilized,
the whole process of matching a right candidate can be simplified, and word recognition can be
made speedily with such information eliminating non-matching candidates. For instance, in
English codas, nasals may precede voiceless plosives only when the two have the same
articulation place. Therefore, native English speakers with this phonotactic knowledge would
preclude the candidate word, stunp, out of the cohort for the target word of stunt.
The research concerning this model is extensively conducted using the gating paradigm
by Grosjean (1980). In this method, a stimulus is divided into a string of signals, and is presented
to a participant with an increasing number of signals in the string from the onset. This method
sheds light on the exact time point when recognition occurs and what factors contribute to
activating a lexical match. In the above example of elephant, participants listen to segmented
sounds, first /ɛ/, and then /ɛl/, until the string reaches /ɛləfənt/. When participants identify the
word elephant with the string /ɛləf-/, it might be assumed that no competition is active from that
point on, and this result might provide some evidence to the role of competition in lexical access.
The early model, however, placed too much emphasis on word onsets, and regarded the
exact match between acoustic signals and phonemes of the onsets as a precondition of lexical
activation. Therefore, mispronunciation of the onsets or a hearer’s missing initial part of the
word might result in no activation of word recognition. Its strict stance on the word initials has
been slightly alleviated in later versions by introducing the concept of similarity; yet the basic
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significance of the initial position has remained the backbone of this model so that the model is
called “the word-initial cohort” (Jusczyk & Luce, 2002, p. 13). This model continues to value the
importance of the onset position in activating and locating lexical representations and does not
recognize the representations at the phonetic level. That is, the incoming signals, tr, are not
regarded as a potential lexical representation, but it should activate whole words as lexical
candidates such as try, trap, etc. Additionally, unlike the succeeding model (Trace model), the
Cohort model does not provide specific numbers of activated potential lexical candidates for
each incoming signal. All of these are considered the limitations of this model. In addition to the
consistency of acoustic information and phonetic representation in the word onsets, the
“rejection of sublexical levels of representation” and the “lack of computational specificity” are
considered the limitations of this model ” (Jusczyk & Luce, 2002, p. 13). This model put
considerable emphasis on the initial position of the incoming speech signals in identifying a
lexical representation. It also continued to hold a stance that not the phonemes (prelexical
representations) but the phonemic features of the phonemes (e.g., the voiceless feature of /f/)
directly map onto the lexical representations in the lexicon. Furthermore, unlike the Trace model
which can provide some estimated number of activations at each level of activation, the Cohort
model could not compute specific numbers of activated lexical candidates at each level.
Trace Model
The Trace model (McClelland & Elman, 1986) is a local connectionist model with three
levels of processing nodes: features, phonemes, and words. The relationship is excitatory
between levels and inhibitory among levels, and the nodes in these levels are bidirectional. The
model is different from the cohort model in that it proposes lexical activation can begin at any
point, and is thus not constrained by only the word-initial points. In this model, it is possible to
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identify a word even if the initial sounds are ambiguous or distorted because the second segment
following the missing first segment might also activate the possible initial candidate. In the word
bus, the second phoneme /ʌ/ can activate the candidates such as cup, rush, cut, pub, etc. in
addition to bus. However, this model is not dissimilar to the Cohort model in respect to the
advantages of the word onsets: Initial sounds still play a more powerful role in activating word
candidates in word nodes than later sounds. Unlike the Cohort model, this model incorporates
later inhibition among units within a level. Thus, while only bottom-up mismatches between
phonemes and lexical words constrain the activation of possible word candidates in the previous
model, the Trace model presupposes that a word candidate (e.g., cat) in a word unit sends
inhibitory signals to other units (e.g., pat) in the same word level so that the best fit candidate
(cat) will win over other competitors.
One limitation of this model, however, lies at its excessive emphasis on the importance of
top-down effects. Bottom-up information is sufficient for activation of a target word, and topdown inhibition is redundant. For example, while /kæ t/ might activate both cat and cap, there is
no need for cat to inhibit cap because cat, which will have higher lexical activation from bottomup information than cap, will inhibit cap anyway. Additionally, though researchers are able to
simulate this model in an experiment with relative ease, tests in computer simulations were
performed with a rather small number of one-syllable words (McClelland & Elman, 1986). It is
still to be seen whether a test with larger vocabularies would produce similarly satisfactory
results. The most noticeable limitation of this model is its problematic and unrealistic structure,
that is, the system continues to duplicate the nodes and connections in the successive time slices.
It is considered an inefficient and implausible system for dealing with temporal characteristics of
spoken word recognition (Jusczyk & Luce, 2002). Furthermore, the Trace model yields a large
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set of possible candidates for lexical activation because the input at any position of speech
sounds can activate word candidates, which leads to an exhaustive contention among candidates.
The inefficiency of processing a large number of lexical candidates led into another
connectionist model by Norris (1994): The Shortlist model.
Shortlist Model
Norris’ Shortlist Model (1994) is also a connectionist model with two major
improvements on the Trace model. The first improvement is its simplified process of locating the
best fit lexical representation and reduced size of candidate words. In the Trace model, bottomup inputs at any point can send excitatory signals to upper levels activating all the possible
candidates in the word level. However, as the segments of a word get longer, the number of word
candidates exponentially increases such that processing a multitude of words becomes
realistically implausible. In order to diminish the tremendous size of candidates to a manageable
level, the Shortlist model constrains the number of candidate words for each segment to thirty
words (no explanation for this particular number is given). When too many candidates are
activated for a given segment, the lowest bottom-up activation is eliminated to secure a space for
a candidate with higher activation (bottom-up activation is decided by goodness of fit with the
input). The other improvement is the simplification of the activation process by disallowing topdown feedback from the word to phoneme level. The activation of lexical candidates is solely
determined by the degree of how much the bottom-up input matches the word. The bottom-up
mismatch inhibition is analogous to the inhibitory connections between phonemes and words in
the Trace model. According to the Shortlist model, top-down feedback is regarded as redundant
because the bottom-up information /kæ t/ is enough to remove other mismatching candidates, and
top-down constraints are unnecessary (/t/ of /kæ t/ constricts other phonemes such as /p/, /b/, etc.).
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Therefore, removing the top-down feedback makes the whole process of lexical searching
simpler and more effective than the previous model.
In addition to the major improvements, the Shortlist model is attractive in that it attempts
to make use of prosodic knowledge to segment the connected speech by incorporating the
Metrical Segmentation Strategy (MSS) for the English language (Cutler & Norris, 1988). This
new model increases the activation of word onsets with full vowels and decreases the activation
of the words which are not aligned with the word onsets containing reduced vowels. In the
following section, the MSS is discussed in detail.
MSS (Metrical Segmentation Strategy)
Cutler & Norris (1988) proposed the Metrical Segmentation Strategy model for stressedtimed languages such as English, in which there is a distinguishable contrast between strong and
weak syllables. A strong syllable includes a full vowel while a weak syllable contains a reduced
vowel, usually represented by schwa. According to this model, segmentation is made at the onset
of strong syllables, and listeners attempt new lexical access at the beginning of each strong
syllable. Cutler and Norris argue it is reasonable to begin segmentation at word onsets
considering the statistical evidence that two thirds of strong syllables are the beginning syllables
of all content words in English (Cutler & Carter, 1987). Thus, segmentation at strong syllables
and beginning lexical access at the point of segmentation are two major components of the MSS
suggested by their study (1988). However, their claim that lexical access begins at strong onset
syllables diverges from previous competition models such as the Trace model, in which lexical
access can be initiated at any possible location. In an effort to account for lexical access from the
perspective of the competition models, they incorporated the MSS into the Shortlist model by
introducing the concept of a penalty which is similar to “inhibition” in other models. The MSS
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penalizes a lexical candidate that straddles a strong onset in the input; more accurately, a penalty
is given to a candidate word which straddles a strong onset only when the onset of a strong
syllable is clearly marked by the lexical representation of the word (1988). In the spliced nonce
word /mɪnteɪf/, /t/ straddles the strong onset syllable /teɪf/, yet this strong syllable is not marked
by any lexical representations. Consequently, /mɪnt/ is penalized, which results in the slow
activation of this word. In contrast, the activation of /mɪnt/ in /mɪntəf/ is boosted because it
straddles the weak syllable; so, mint in mintef is recognized more rapidly than that followed by a
strong onset in mintayf.
The MSS is the theoretical framework underpinning this study, which adopts the main
tenet of this model: A strong syllable with a full vowel is crucial in facilitating the activation of a
lexical candidate. The English loanwords which this study used as stimuli are all composed of
disyllabic words with two successive full vowels. According to the MSS, native English listeners
are assumed to have difficulties recognizing the given spoken words because the alternation of
two consecutive full vowels (e.g., insight, incite) are rarely found and would inhibit the
activation of the target word. English listeners would be expecting a reduced vowel after the full
vowel instead of two full vowels (e.g., for the noun virus, the first syllable is pronounced in a full
vowel /ɑɪ/ and the second syllable in a reduced vowel /ə/). When they receive a string of two full
vowels, they are tempted to make another segmentation attempt at the second syllable. Two
separate attempts of lexical access at two different locations are not compatible with the norm of
segmentation in the English language, which will lead to the delayed activation of lexical
representations and in some cases, no activation of any lexical candidates. The failure of
activation due to the irregular metrical input is the focus of this study, which will be measured by
the lexical judgement (transcription of the target word) as well as reaction times.
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Preliminary Empirical Studies
Since this study focused on the crosslinguistic influences of lexical stress on the
intelligibility of English loanwords by ENSs, the following section examines the literature
primarily related to the influences of lexical stress on word-level recognition. One researcher
who has produced the most prolific studies on lexical stress is Anne Cutler. Her research
endeavor on this topic is not surprising given the weight and significance of lexical stress in
intelligibility, which is widely recognized by many researchers. Lieberman (1963) found stressed
syllables are more likely to be readily detected than unstressed syllables when they are presented
after being cut out of a context (a carrier sentence). Lindfield, Wingfield, and Goodglass (1999)
also indicated that “stress is pertinent in determining potential English candidates from which
listeners’ recognition of gated words could be predicted” (p. 315).
Cutler’s renowned work with her colleague (Cutler & Clifton, 1984) on lexical stress and
word recognition investigated how lexical stress information, including vowel quality, is utilized
in word recognition. They argued that word recognition is affected more when suprasegmental
changes are accompanied by segmental change (vowel quality) than when suprasegmental
features are modified alone. Cutler and Clifton (1984) conducted an experiment where 96
disyllabic words were selected, half of which had stress which is realized by only
suprasegmental features on the first syllable (SW) and the other half had stress on the second
syllable (WS). Half of each group had full vowels in both syllables, so, even when stress is
shifted, both syllables were still pronounced as full vowels (e.g., nutmeg and typhoon). The other
half contained reduced vowels in either of the syllables, and even after stress (not involving
vowel quality change) was shifted from the strong syllable to the weak syllable, the strong
syllable was still pronounced as a full vowel (e.g., wisdom and deceit). A trained native speaker
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of British English recorded the stimuli with both the correct and incorrect stress patterns.
Participants had to judge whether the word they heard was correctly pronounced, and their RT
was measured. The analysis of the results exhibited reducing a full vowel or turning a reduced
vowel to a full vowel caused participants to take longer to respond. In addition, the results also
revealed a slight advantage of the SW pattern in word recognition over the WS pattern. Listeners
had difficulty when SW was shifted to WS; on the contrary, the change from WS to SW did not
seem to cause difficulty as long as vowel quality remained unchanged. Overall, this finding is
significant in that it shows mis-stressing involving changed vowel quality resulted in longer RTs.
In her subsequent study, Cutler (1986) investigated whether suprasegmental information
alone can constrain lexical access. Lexical stress is a linguistic feature which is realized through
both segmental and suprasegmental cues (Cutler, 1986). As stated above, F0, duration, and
intensity belong to suprasegmental characteristics while the segmental property is vowel quality.
The previous study, in the mis-stress experiment, looked into how lexical stress with all the
properties of both segmental and suprasegmental features impact word recognition. However, the
1984 study did not disclose which element plays a more critical role in facilitating lexical access:
segmental or suprasegmental.
In her 1986 study, Cutler employed rare stimulus words to explore this issue (e.g.,
forbear and forbear). Unlike the majority of English words which have alternating strong and
weak syllables, this pair has a full vowel followed by another full vowel. The first implies
‘ancestors’ while the other denotes ‘inhibiting’. These different lexical meanings can be
discerned only by lexical stress properties lacking segmental information. She used a crossmodal priming design (i.e., participants were auditorily presented with a token, and then were
asked to choose a picture matching the meaning of the token they heard) for the experiments.
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British college students, participants of the study, were asked to make lexical judgments after
hearing the sentences embedded with both priming words followed by target words. For
instance, when they hear a sentence with forbear with lexical stress devoid of vowel quality
attributes, it is postulated they would choose ancestor over tolerate.
The data, listeners’ correct or incorrect responses in the lexical judgement test, were
analyzed under three hypotheses: (1) if suprasegmental features of lexical stress work alone
without the segmental counterpart, listeners would choose ancestor over tolerate; (2) if lexical
stress without segmental information is insignificant, listeners choose either ancestor or tolerate;
(3) if SW words are accessed by SW pronunciations and WS words can be accessed either by
WS or by SW pronunciations, forbear would prime ancestor and tolerate but forbear would
prime only tolerate.
The results showed that there was no indication that the priming effect was weaker when
the target did not match the sentence prime. The findings support the second hypothesis that
stress pattern is irrelevant in facilitating lexical access. That is, forbear and forbear are no more
than homophones. With this finding, she argued that “what is important during the prelexical
stages of speech recognition is not lexical prosody (i.e., which syllable is marked for primary
stress) but metrical prosody (which syllables are strong and which are weak)” (Cutler, 1986, p.
217).
One recent study adding support to Cutler’s claim on the influeces of suprasegmental
features and vowel quality on intelligibility is Slowiaczek, Soltano, and Bernstein (2006). They
attempted to compare these two factors and examined their influences on the recognition of
spoken words. In their first two experiments, they used lexical decision and shadowing to decide
whether the shared lexical stress of the prime (the words auditorily presented at first) and target
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words (the words auditorily presented the next time in the lexical decision test and the words
repeated by a participant in shadowing) affects RT. The study found no significant difference in
the RT between pairs in which the prime and target shared a lexical stress pattern and pairs in
whch the words had dissimilar patterns, suggesting that lexical stress plays little role in word
identification. Their third experiment showed that the target words with a strong syllable as the
first syllable are responded to more quickly than the prime words with a weak syllable. The
results of the third experiment were congruous to those of the first and second experiments.
Participants responded to the SW target words more quickly than those with the SS or WS
metrical stress pattern. The results of this work support the influence of metrical stress on
processing spoken words while showing no significant influences of lexical stress.
In the controversy over the relative weight of suprasegmental features and vowel quality
in the recognition of spoken words, there is also a view which supports a stronger role of lexical
stress than vowel quality. Connine et al. (1987) provided strong evidence that suprasegmental
plays a crucial role in word recognition. In their study, vowel quality was not taken into
consideration; they investigated whether the suprasegmental features of lexical stress can
activate lexical access. Connine et al. used a different lexical word pair of digress-tigress, which
is only different in the initial phonemes and stress pattern. This pair was manipulated in
fundamental frequency and voicing using a sound synthesizing software, producing nonwords
(digress-tigress). The end segments of all the real and nonwords were cut off, leaving only the
dig- and tig- segments with different lexical stress information. Participants, all British
undergraduate students, were asked to decide whether each segment began with /t/ or /d/ in the
first experiment. In the Experiment II, other sets of stimuli were created manupulated only with
voice onset time (VOT; the time between the release of asperation of voiceless stops and the
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onset of voicing of a following vowel). A different group of participants were asked to decide
whether what they heard began with /t/ or /d/. Additionally, they were required to decide whether
what they heard was real or a nonword. The results showed the listeners successfully identified
the initial sounds of the correct words, which provides evidence that they utilized lexical
information actively in triggering lexical access. These findings contradict the findings of two
previous studies by Cutler and her colleagues (Cutler, 1986; Cutler & Clifton, 1984).
These contradictory results from the two sides might be attributable to the different
settings where the studies were conducted. For instance, the studies supporting vowel quality
(Cutler, 1986; Cutler & Clifton, 1984) mainly used stress shift for the manipulation of stimuli
whereas Connine et al. (1987) made use of the stimuli by manipulating the degree of acoustic
attributes reponsible for lexical stress. Therefore, given the possibility that the dfferent results
might be due to the different research designs, it might be inappropriate to use the results of one
study as evidence to contradict the results of another study. Therefore, it might be necessary that
a research design should be introduced where both variables (lexical stress and vowel quality)
can be tested and compared in the same setting. This current study aimed to explore just this.
Another significant study adding support to the influences of lexical stress on word
recognition was conducted by Slowiaczek (1990b). She chose the stimulus words of polysyllabic
words with at least two full vowels so that stress shift would not cause the change of vowel
quality. A male native speaker of American English recorded two versions of eighty-eight
stimulus words. One version was comprised of the stimuli with a correct stress pattern, and the
other had incorrect stress. The direction of stress shift was left to right (e.g., anguish 
anguish). In the experiments, paticipants repeated what they heard and made a lexical judgment
by choosing words from nonwords. These two experiments measured participants’ RTs for
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analysis. The results revealed that lexical stress had an effect on the perception and production of
the stimulus words. Particularly, incorrect stress significantly increased the RT of the listeners
when they repeated the word they heard. In general, her study provides support for the relative
importance of suprasegmental features in that suprasegmental information is alone exploited to
perceive and recognize spoken words.
Cooper et al. (2002) also provided additional support to the role of suprasegmental
features. They investigated the influence of suprasegmental information of lexical stress in the
recognition of words using cross-modal priming tests on native and non-natives speakers of
English. They chose word pairs with distinctions of stress but with the same phonemes in the
initial two syllables. For instance, admi- in both admiral and admiration has the same segmental
features; yet admiral has a primary stress in the first syllable followed by the unstressed syllable
while admiration has secondary stress on the first and weak stress on the secondary syllable.
These words were truncated such that the first two syllables remained. Fifty-seven pairs of
English words of this type were selected and manipulated in the same manner. These words were
then embedded in non-constraining carrier sentences where the embedded word is semantically
independent from the sentence in which it is carried (e.g., He knows how to write the word
______.) and were presented auditorily to participants who were comprised of Australian native
speakers of English and advanced Dutch learners of English. They made a lexical judgment on
the word presented on the computer screen after hearing the stimulus sentence. In another
experiment, initial mono-syllabic fragments were used. For instance, music and museum have
the same initial segmental sounds, but music has stress in the first syllable as opposed to museum
with the unstressed first syllable. The words were manipulated in the same manner as in the first
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experiment and presented to participants without carrier sentences. They made a lexical
judgment after hearing the truncated fragments.
The results showed that participants were more likely to prime the target words in
agreement with the same stress pattern of the prime words. This indicates that suprasegmental
information alone can facilitate lexical access. Participants were able to prime the correct target
words using lexical stress information. The same results were found with the Dutch participants,
but they exhibited a slightly better performance on the tasks. Although both Dutch and English
have lexical stress and reduced vowels, Dutch speakers are found to make use of lexical stress
more actively than English speakers who, as many studies have suggested, tend to rely on
segmental information such as the vowel contrast between a full and reduced vowel (Cutler &
Van Donselaar, 2001; Koster & Cutler, 1997). The findings of the English participants are
analogous to those of Connine et al. (1987) which revealed suprasegmental features alone in
English lexical stress facilitated lexical access.
A relatively recent study of lexical stress and intelligibility was conducted by Field
(2005). He used two groups of disyllabic words; one group containing words with a SW stress
pattern while the other had words with a WS stress pattern. In one set of the stimulus words, the
stress was shifted to the other position; and in the other set, the stress position as well as vowel
quality were changed. One male speaker of British English recorded the manipulated stimuli
twice: one only with stress shift and the other with both stress shift and vowel quality change.
Participants, who were British undergraduate students and international students, were asked to
transcribe the words they heard. The results exhibited that mis-stressing caused a significant
decrease of intelligibility in both groups. The study also indicated that stress-shift led to less
reduced intelligibility when the stress-shift (lexical stress) was accompanied by vowel quality
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change (metrical stress). The findings are in part aligned with the findings of Bond and Small
(1983) in which segmental mispronunciation had little impact on intelligibility whereas vowel
and stress patterns significantly influenced intelligibility.
While the above studies are important in disclosing the significant role of lexical stress in
intelligibility, they leave areas that are still to be explored. All of these studies used stimuli
produced by native speakers of English. This kind of research setting does not seem effective for
investigating the roles of lexical stress and vowel quality on the intelligibility of ESL learners’
speech, which is likely to contain less segmental information than that of native speakers.
Therefore, the current study using English loanwords whose sound features are divergent from
the native norm might add supplementary insight from a different perspective to the current
literature.
Unlike the sizable research on the relationship between lexical stress and its influence on
intelligibility, the studies on intelligibility of speech spoken by Korean English learners in the
matter of lexical stress are also scarce. Therefore, in the research of lexical stress and its
crosslinguistic influences on intelligibility (native English hearers’ understanding what a KNS
utters), a need arises for investigating how Korean words are different from English words with
respect to English lexical features. In particular, acoustically comparing English words to Korean
words one to one might add some insight to the research on whether Korean has lexical features
similar to those of English.
One of the few studies is Koo (1986), which acoustically compared Korean and English
words. He arbitrarily selected four Korean words ranging in syllable length from two to five. For
comparison, he also selected the same four English words with the same number of syllables. In
the selection, only the number of syllables was considered (and not approxmation of phonemes
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between the languages). A KNS read the Korean tokens. Likewise, an ENS read the English
tokens. Results indicated a difference in the F0 between stressed and unstressed syllables was
found between English and Korean words. However, Koo only presented descriptive results and
did not carry out statistical analysis. The comparison also failed to explore other features of
lexical stress: intensity, duration, and vowel quality. Furthermore, though comparing tokens with
the same number of syllables from both languages, Koo did not take into account the influence
that certain consonants and vowels can have on F0 when they are present in a syllable (House &
Fairbanks, 1953). For example, while the nonword tokens hupeep and huveev share the same
vowel in the second syllable (/i/ as in heat), the /i/ of huveev is longer in duration, higher in F0,
and greater in intensity than the same vowel /i/ of hupeep due to the influences of the
surrounding voiced consonants (i.e., /v/). That is, the study’s results might not be considered to
be very informative because of the possible influence of other factors: the English and Korean
words might have different F0s not only because of the differing prosodic systems between the
languages, but also because of the phonemes of the syllables. Thus, any tokens used for
comparison in an analysis of English and Korean need to be tightly controlled for segment type.
Another study (Yoo, 2016) compared the vowel quality of English words spoken by
ENSs and Korean learners of English and revealed that the F1 and F2 of the English speech
samples were less dispersed than those of the speech samples by Korean learners of English.
Higher F1 indicates an open vowel like /ɑ/, and higher F2 represents a front vowel such as /i/.
Thus, in the case of a reduced vowel /ə/, a mid central vowel, the F1 and F2 intersect around the
midpoint of the vowel chart; therefore, the F1s and F2s of the schwa by ENSs are expected to
centralize at that midpoint. By contrast, those by English non native speakers (ENNS) tend to be
more dispersed than those by ENSs (Flemming, 2009). However, this study compared the speech

41

samples by ENSs and those by Korean learners of English, which means it is not a parallel
comparsion between the two languages.
This study compared the acoustic measurements of both Korean (English loanwords) and
English. English loanwords are a good tool for directly comparing two languages in respect to
English lexical stress features because English words (source words) and English loanwords in
Korean (borrowing words) will have similar segmental attributes, which affects lexical features
such as F0 in acoustic measurements. Using English loanwords would make all variables of the
stimuli constant except the variable under investigation, possibly yielding more reliable
comparison results.
Gaps to Fill
Although there is a relatively large body of literature on lexical stress and its influences
on intelligibility, some noticeable gaps remain. One outstanding issue is concerned with the
research method. Most of the previous studies involving lexical stress and word recognition used
a method of shifting stress (Cutler, 1986; Cutler & Clifton, 1984; Field, 2005; Slowiaczek,
1990a). However, no researcher has studied the lack of lexical stress. With an appropriate design,
studying this condition of lacking lexical stress would provide a valuable insight into the existing
body of this topic. Given that some Asian languages such as Thai and Vietnamese, Korean, etc.
do not have lexical stress (Cutler, 2015b), this topic appears to need more attention in
crosslinguistic research.
Additionally, previous research has yet to investigate other segmental features besides
vowel quality. Chances are ENSs need to communicate with speakers whose first language is not
English especially in the United States, Canada, Austraila and the U.K., which have a large
population of immigrants. In that case, ENSs are likely to hear sounds deviant from their norm.
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The phonemes of the words spoken by ENSs are apt to have different phonemic and phonetic
information from those spoken by ENSs. Though being a significant factor, this condition has
not been fully explored in the research of the lexical stress and its influences on word
recognition. The majority of studies in this field used speech samples or manipulated speech
samples spoken by ENSs. This factor, using only native speakers’ speech in constructing stimuli,
might significantly compromise the validity of the related research because when given sufficient
segmental information, listeners tend to rely on segmental features rather than suprasegmental
features (Cooper et al., 2002; van Donselaar et al., 2005). Van Donselaar et al. (2005) argued “if
reliable segmental cues adequately distinguish between words, there may be no need for listeners
to attend to the later arriving suprasegmental information” (p. 252).
Furthermore, crosslinguistic studies of intelligibility concerned with lexical stress at the
word level are scarce while many studies were conducted on the intelligibility on stress at the
phrasal level or above. Many studies already produced results approving the claim that stress
plays a significant role in intelligibility in connected speech (Cutler & Clifton, 1984; Lieberman,
1960; Norris, McQueen, & Cutler, 1995). Cutler and Clifton (1984) remarked that listeners use
prosody when they “direct their attention to the location of sentence accents” (p. 193).
Acordingly, an additonal crosslinguistic study on the role of lexical stress might help enrich the
current literature of stress and intelligibility.
Additionally, the crosslinguistic acoustic analysis studies in lexical stress and its
influences on intelligibility are also few. Koo (1986) compared acoustic correlates of Korean and
English words but investigated only one feature, F0; moreover, the tokens used in that study
included word pairs from the two languages that had different phonemes, which can affect the
measured values (F0). The study failed to provide significant insights to the issues under
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investigation because it provided only descriptive results, not a statistical analysis. English
loanwords, which have similar segmental values to the source words in English, will allow for a
parellel comparison between Korean and English in terms of lexical stress. The results would
strengthen the present study, whose ground lies at the premise that Korean does not possess
lexical stress features similar to those of English.
One area in need of more scrutiny in the previous research was the use of English
stimulus words with two consecutive full vowels (e.g., Cutler, 1986). In her study, she used word
pairs with two successive full vowels such as forbear and forbear to look into the influence of
lexical stress independent of segmental influences. She argued these two words are homophones
because suprasegmental information alone did not make any difference in distinguishing two
lexically different words. But these findings were not widely accepted by other researchers who
said the pairs used in her study were rare and accordingly could not have much implication (e.g.,
Cooper et al., 2002; Slowiaczek, 1990a). This gap can be filled with the use of English
loanwords. English loanwords spoken by a KNS would have full vowels in every syllable
because Korean syllables do not contain reduced vowels.
Lastly, notwithstanding a large number of studies on lexical stress and its influences on
intelligibility, the results of those studies seem inconclusive as to which factors are more crucial
in word recognition: segmental or suprasegmental cues. Cutler claimed that suprasegmental
information is less significant than segmental information in recognizing words. Instead, the
metrical system (i.e., the alternation of a full and a reduced syllable) is much more influential
than suprasegmental features (Cutler, 2008, 1986, 2015a; Cutler & Clifton, 1984; Cutler &
Norris, 1988; Fear et al., 1995). However, subsequent studies by others presented the results that
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suprasegmental information is still important and plays a significant role in recognizing English
words (Connine et al., 1987; Slowiaczek, 1990b).
One reason for these contradictory results between the two sides might be traceble to the
fact that all the studies use different test formats for measureing intelligibility. That is, while the
majority of the studies used RT for the measurement of lexical access time, each study varied in
the test format. For instance, the studies supporting vowel quality (Cutler, 1986; Cutler &
Clifton, 1984) used cross modal priming and lexical judgement, respectively. In contrast, in the
side upholding lexical stress, Connine et al. (1987) used the gating technique, and Slowiaczek
(1990) relied on shadowing. Selecting appropriate measurements is important because they can
affect the test results, and the different experiments even in one study might turn out conflicting
results depending on the dfferent measurements the experiments employ. In Slowiaczek (1990),
the results of the first experiment were opposite to those of the following experiments; the first
experiment used dictation while the second and third used shadowing and lexical judgement.
Accordingly, the results of one study do not necessarily provide evidence for contradicting those
of the other study.
Another reason for this seemingly conflicting result might be found in the fact deciding
the relative weight of these two factors has not been an issue in the psycholinguistic field as
much as in the SLA field. Therefore, many of the previous psycholinguistic studies on this topic
have not argued for an exclusive advantage of one feature over the other except for Cutler
(1986). All of them concede that both features play some sort of role in recognizing a word, and
many studies did not explicitly compare these two features in one study. In that respect, the
current study might be able to provide an opportunity where the impacts of these two factors on
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intelligibility are compared in the same setting, and relative significance of each factor is decided
over the other.
Chapter Summary
First, this chapter included a discussion of some key concepts which are deemed crucial
in this study. Among those are lexical stress and intelligibility. Clarification was given to the
different usages of terms like stress and accent. Intelligibility was operationalized using Munro
& Derwing (1995)’s definition in which intelligibility represents the extent to which a speaker’s
intended message is understood by a listener. The use of English loanwords was also justified on
the grounds that (1) they do not have lexical stress as they do in English, and (2) they include
incomplete segmental information providing an alternative stimulus set.
This chapter also discussed important theories/models of speech perception including the
one underpinning this study. The first model is the Cohort model (Marslen-Wilson & Welsh,
1978; Marslen-Wilson, 1987), which underscores word onsets as a starting point of lexical
activation. The following model by McClelland & Elman (1986), the Trace model, shows rather
a flexible position on the word onsets; they suggest speech signals at any location are able to
activate lexical candidate words. The third model, Norris’ Shortlist model (1995), is credited for
resolving the ineffectiveness of the previous model, one of which is related to unreasonable
structure of its duplicating all the nodes in each time slice.
This chapter also presented previous studies concerned with the topic of this study. The
researchers suggested that the stress patterns of English is crucial in word recognition, and the
effect of suprasegmental features are minimal in comparison to that of vowel quality (Cutler,
1986; Cutler & Clifton, 1984; Slowiaczek et al., 2006). Cutler (1986) went even further to assert
that forbear and forbear are no less than homophones.
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On the contrary, other researchers have argued that suprasegmental features still have a
significant effect on processing spoken words (Connine et al., 1987; Cooper et al., 2002; Field,
2005; Slowiaczek, 1990b) The scrutiny of the previous literature uncovered several gaps to fill.
To begin with, all the previous studies used native speakers’ recorded words for tokens, which
entails a need to investigate the influence of incomplete segmental and suprasegmental
information in spoken word recognition. Moreover, the literature offered a need to explore
crosslinguistic influence, particularly from Asian languages lacking lexical stress.
The next chapter discusses the design of Experiment I, primarily providing rationales for
its design and materials followed by a discussion of participants, setting, and procedures. It also
discusses its results.
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CHAPTER THREE:
EXPERIMENT I
Method
This study is comprised of two experiments. Experiment I examined the first research
question (RQ), exploring whether there are differences in acoustic measurements of English
lexical features between English loanwords and their corresponding English words by comparing
the values from syllables segmented on the Praat spectrogram and processed by Praat scripts.
Specifically, this experiment aimed to discover whether the ratios of the stressed syllables to
unstressed syllables of disyllabic English words are significantly different from those of
disyllabic English loanwords in Korean. It also has a goal of investigating how the unstressed
reduced English mid-central vowel /ə/ and its r-colored version /ɚ/ are different from their
Korean replacement /ʌ/ in English loanwords in Korean on the vowel space chart.
Design
This experiment used English loanwords in Korean and their original English words. In
addition to having similar segmental values, these words of the two languages, Korean and
English, have the same syllable structures, syllabification, and numbers of syllables, which
allows for a parallel acoustic comparison between them. The comparison between the Korean
and English words was conducted across four acoustic features (duration, F0, intensity, and
vowel quality), which are largely known to realize English lexical stress. For this comparison,
acoustic measures in these areas were collected and analyzed from two sets of speech samples
read by NSs of Korean and NSs of English.
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Materials
Out of the candidate word list used in Experiment II (see Appendix A), 20 English
loanwords were selected taking into account syllabification rules and stress patterns. Experiment
II is designed to compare native English listeners’ intelligibility of spoken words with three
different conditions: unmanipulated English loanwords, English loanwords with suprasegmental
manipulation, and English loanwords with vowel quality manipulation. For this comparison, a
list of candidate words was created of disyllabic English words and their corresponding English
loanwords with the same syllabification rules (Appendix A). Therefore, five words from
Experiment II were used again in this experiment. The primary criterion in selecting the tokens
was syllabification rules of both languages. Because this study compares the acoustic values of
one syllable in one language to those in another language, the compared syllables in both
languages should have the same syllabic structures. For this reason, some words in the stimuli of
the Experiment II, which are also comprised of disyllabic words, were not included in
Experiment I. For instance, inning in English has different syllabification from its counterpart
English loanword, 이닝 [iniŋ]. Though the two words have the same syllable structure, inning is
syllabified after the consonant /n/ in English whereas the second syllable of 이닝 [iniŋ] in
Korean begins from /n/ (inn•ing [in•iŋ] vs. 이•닝 [i•niŋ]). The different syllable structures of the
compared two words (VC•VC vs. V•CVC) might result in different acoustic values,
consequently undermining the validity of the analysis.
Another important criterion is the lexical stress pattern. In this experiment, the lexical
stress pattern refers to where primary English lexical stress is placed. Two stress patterns
(primary stress on the first syllable and primary stress on the second syllable) are equally
represented in the 20 stimuli in this experiment; they include 10 with stress on the first syllable
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(S1 group) and 10 with stress on the second syllable group (S2 group). Specifically, ten for the
S1 group were selected from the SW pattern list in Appendix A, five for the S2 group from the
WS list, and the other five for the S2 group from the SS list. As a result, the stimuli are made up
of 20 English loanwords in Korean and 20 corresponding English words. Following is the list of
stimuli for Experiment I.

Table 3. Stimuli for Experiment I.*
English
Token

Korean
Token

Syllable
structure

LSP

English
Token

Korean
Token

Syllable
structure

LSP

action

액션

VC•CVC

S1

attack

어택

V•CVC

S2

butter

버터

CV•CV(C)

S1

machine

머신

CV•CVC

S2

corner

코너

CV(C) •CV(C)

S1

return

리턴

CV•CV(C)C

S2

motor

모터

CV•CV(C)

S1

marine

머린

CV•CVC

S2

dancer

댄서

CVC•CV(C)

S1

guitar

기타

CV•CV(C)

S2

napkin

냅킨

CVC•CVC

S1

monsoon

몬순

CVC•CVC

S2

rumor

루머

CV•CV(C)

S1

hotel

호텔

CV•CVC

S2

silver

실버

CVC•CV(C)

S1

reset

리셋

CV•CVC

S2

lotion

로션

CV•CVC

S1

routine

루틴

CV•CVC

S2

symbol

심볼

CVC•CVC

S1

vaccine

백신

CVC•CVC

S2

Total

20

* LSP indicates the lexical stress pattern. S1 signifies stress is on the first syllable while S2
means stress is on the second syllable.

Participants
For this experiment, 10 male KNSs and 10 male ENSs were recruited. Males and females
show different frequencies in F0, F1, and F2 both in English and Korean (Babel & Bulatov,
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2012; Yang, 1996); thus, this study used male speech samples, which saved the process of
normalizing one gender’s values to those of the other gender. Ten male KNSs in their early
twenties (Mean age = 21, SD = 1.16) were recruited from a junior college located in a
metropolitan city of South Korea. Ideally, Korean participants with no exposure to English
would be preferred participants for this experiment because there is a chance for those with
exposure to English to produce English loanwords influenced by English. However, it is almost
impossible to find participants in Korea who have never been exposed to the English language
because English is a required course for all Korean students from third through twelfth grade. In
that sense, speech samples from students in a junior college are expected to be less influenced
from English than those of other populations because their proficiency level is likely to be low.
In their secondary schools, students who plan to attend junior colleges in Korea tend to focus
more on technical areas rather than traditional subjects such as Korean, math, English, etc. Male
native speakers of American English (Mean age = 23, SD = 1.41) were recruited in a
southeastern university in the United States. Because of the rhotic-r in the stimuli (e.g., butter),
NESs were selected from those who speak an American English variety with the rhotic-r feature.
The researcher individually approached potential participants for both groups and asked them to
participate in the experiment while briefly describing the study. No compensation was paid for
participating in the experiment.
Procedures
When a participant agreed to participate in the experiment, the researcher and participant
moved to a quiet place, and the participant read the set of the 20 stimulus words in isolation three
times each. The stimuli were presented on a sheet of paper, and recordings were conducted using
a laptop computer (Lenovo Z51) at normal speed. A free computer recording software, Audacity
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(Ver. 2.1.2) was utilized for this recording, and speech samples were digitized at 44.1 kHz. Out
of three sets of speech samples by a participant, the researcher selected the set deemed best in
terms of speed and clarity.
After the speech tokens were collected, the researcher manually segmented all the tokens
(20 words × 20 participants = 400 tokens) into syllables and then vowels viewing spectrograms
of Praat (6.0.21). The researcher asked one of his colleagues, who familiarized himself with all
the standardized procedures described below, to segment around 10% of the token words. ICC
(Intra-Class Coefficient) estimates and their 95% confident intervals were calculated for the
duration of the segments of the syllables and vowels using SPSS based on a mean-rating (k = 2),
absolute-agreement, 2-way mixed-effects model. A high degree of reliability was found between
the duration measurements of the two raters. The average measure of ICC was .868 with a 95%
confidence interval from .671 to .947 (F = 7.508, p = .000), which is regarded high given that a
level of 0.7–0.8 is often viewed acceptable (Koo & Li, 2016).
Two levels of segmentation were completed for the Korean tokens: one for syllables and
the other for vowels. As a result, their TextGrids include two layers of segmentation. By
comparison, English tokens were segmented three times: once for syllables, another for vowels,
and the other for vowels excluding rhotic-r. In measuring F0 and first and second formants,
which were measured over a vowel, rhotic-r was not included because it is a consonant sound.
Moreover, its inclusion in vowel segmentation might result in great discrepancies in duration
between vowels with and without it as shown in Figure 1.
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Figure 1. The segmentation of silver spoken by an American participant.

Segmentation was made generally following the study by Peterson and Lehiste (1960).
The onset and offset of each syllable and vowel were marked by referring to various physical
cues on the spectrogram such as formant movements, intensity curves, and pitch lines. However,
with all these cues on the spectrogram taken into account, the final decision on marking
segmentation boundaries also largely relied on the researcher’s acoustic impression after he
repeatedly listened to actual tokens, in particular potential marking points.
The onset of a syllable was largely determined with the appearance of formants, and the
offset of a syllable was marked by looking at the cessation of formants, intensity curves, and
pitch lines. The boundaries of the second syllables were usually marked referring to formant
movements in transition toward the end of the first syllables. In cases where a vowel heads a
word, the onset of the vowel is demarked at the point where the formant bandwidth first appears
instead of the formant line. In Figure 2, the red dot formant lines appear ahead of the formant
bandwidths represented with the dark bands; yet the onset of the syllable was marked where the
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formant bandwidths first appear because the actual acoustic sound begins to be heard at this
point.

Figure 2. The segmentation of action spoken by an American participant. The yellow oval
indicates the first appearance of the formant lines while the blue oval represents the start of the
formant bandwidth.

The onset of initial vowels was established at the point where formants begin to appear
on the spectrogram. The vowels after voiceless fricatives and plosives were easily distinguished
by the onset of voicing clearly marked with the appearance of the first formant. The onset and
offset of vowels succeeding and preceding nasals were marked by the abrupt formant movements
in transition as seen in Figure 3.
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Figure 3. The segmentation of monsoon spoken by an American participant. The orange ovals
indicate the abrupt formant movements at the segmentation junctures.

The initial and final liquids presented difficulties in segmentation because the formants
show rather steady and smooth movements. Thus, in establishing vowel boundaries with /l/ and
/r/, intensity curves were referred to because the energy of vowels is relatively more intense than
those of these consonants. Additionally, in case of /l/, the vowel boundary was marked at the
point where the third formant moved upward. Lastly, when there is a medial pause before the
initial voiceless stop of the second syllable, the midpoint of the pause was established as a
syllable boundary.
After the segmentation, out of 20 tokens, reset was removed from the final list of tokens
for analysis because its stress position changes depending on its different lexical meanings by a
noun or verb, and stress change entails the change of acoustic measurements of each syllable.
Furthermore, three more words (hotel, lotion, and motor) were excluded from the final analysis
because their first vowel, /ou/, is a diphthong. This study only examines disyllabic words with
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monophthongs, and the acoustic values of diphthongs intrinsically vary from those of
monophthongs. As a result, a total of 320 tokens (16 words × 20 participants = 320 tokens) were
used for the final analysis.
The acoustic values of each token were measured in four areas: Duration (in ms),
intensity (in dB), F0 (in Hz) and F1 and F2 (in Hz). Duration was measured not over the syllable
but within the vowel because stress judgement is influenced particularly by the duration of a
vowel a syllable contains (Fry, 1958). In addition, using a vowel instead of a whole syllable
might help to exclude the final-phrase lengthening effect. A syllable in the final phrase position
tends to be longer than in non-final positions, and this phenomenon is considered “universal” by
some researchers (Fletcher, 2010, p. 540). This final syllable lengthening is also observed in the
majority of tokens in this experiment, which were spoken in isolation. As shown in Figure 4, the
second syllables of all tokens in both languages were uttered longer than the first syllables.

Syllable duration
400
350
300

in ms

250
Korean

200

English

150
100
50
0
1st syllable

2nd syllable

Figure 4. Syllable durations of the tokens in Korean and English with error bars.
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Intensity was measured over the syllable, and average intensity was used for analysis as
average intensity over a syllable is regarded as an important correlate in the perception of stress
(Beckman, 1986; Fry, 1955). Fundamental frequency (F0) was measured at the mid-point of a
vowel. As for pitch and vowel quality, similar acoustic studies investigating English lexical
stress features utilized the measures at the mid-point of vowels (Shin & Lee, 2016; Zhang,
Nissen, & Francis, 2008). In some of the tokens in the current dataset, the pitch line disconnected
as the spectrogram of Praat failed to display some parts of speech. Thus, in this experiment, the
midpoint F0 might make a more reliable measurement than the average F0. If an F0 value could
not be found at the mid-point of a vowel because of the discontinuity of a pitch contour (see the
second vowel in Figure 5), then the available value nearest to the mid-point was collected. In
cases where an F0 contour did not appear in the spectrogram of a certain vowel (see the first
vowel in Figure 5), the minimum default value of Praat, 75 Hz, was given as an F0 value of the
vowel.

Figure 5. The segmentation of attack spoken by an American participant.
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F1 and F2 were manually measured at the steadiest state near the mid-point of a vowel
while looking at the spectrogram. First and second formant lines are not always linear over the
course of an utterance; in some cases, the formants fluctuate at some points especially as they
move toward the inter-syllabic boundaries in preparation for transition. Hence, the mid-point
values are considered as more dependable measures than the mean formant values.
After segmentation was completed, Praat scripts were used to produce measurements of
each parameter for all tokens. Before loading the data into SPSS for analysis, the ratios for each
measure syllable (SS) to the unstressed syllable (US) in F0, intensity, and duration were
calculated by dividing SS by US. The use of ratio values appears reasonable in the comparison of
acoustic values between two languages because each participant in recording varies in speech
rate, intensity, etc. Though Korean words do not have stress patterns of English, the ratio values
were calculated following the patterns of their corresponding source words for the purpose of a
parallel comparison. See the example for attack read by an ENS in Table 4.

Table 4. Acoustic values for attack.*
Features (unit)

US

SS

SS/US

Duration (seconds)

.093

.49

5.24

75

106.36

1.42

53.61

57.55

1.07

F0 (Hz)
Intensity (dB)

* SS indicates a stressed syllable while US indicates an unstressed syllable.
The ratio indicates how big the difference is between the SS and US; the bigger it is, the
larger the distinction between the two syllables is. By contrast, a ratio value less than one implies
the acoustic value of the unstressed syllable is larger than that of the stressed syllable, which
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would be contradictory to the results of previous studies on this topic. After all raw and ratio
values of each parameter were obtained, they were loaded into SPSS for analysis.
For the vowel quality comparison between the two languages, the F1 and F2 frequencies
of each vowel in one language were separately compared to those of the other language. The
values were converted into scatter plots and compared visually.
Results
The descriptive results in Figure 6 show larger ratio values of English tokens than those
of their counterparts in all parameters. In contrast to the values of English tokens, Korean ratio
values cluster near the value of 1.0, which signals that there is no difference between the
syllables. Out of the three attributes, the difference of duration between English syllables appears
the largest though there still exists a large amount of variation. It can be said the stressed
syllables of English words are uttered nearly twice longer than the unstressed syllables. By
contrast, these results also show that each syllable of Korean words was spoken with
approximately similar intensity and duration.

Mean Ratio
3.5
3
2.5
2

Korean

1.5

English

1
0.5
0
Intensity Ratio

Duration Ratio

F0 Ratio

Figure 6. Mean ratio of stressed to unstressed syllables in Korean and English with error bars.
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In order to check the validity of the above-mentioned results of mean ratios of the three
parameters between the two languages, descriptive statistic tests were run with SPSS. The results
revealed the values in all areas were not normally distributed except for the intensity ratio of
English (see Table 5). Some outliers were also found in all the parameters saving the intensity
ratio in both languages (Figure 7). Observed outliers seem to be attributable to the fact that
compared to intensity, relatively large variances were found in the measurements of the two
attributes (F0 and duration) by person. Nevertheless, these outliers were kept in the analysis
because they still reflect the reality of an experiment involving humans and the analytical tests
used for the analysis are robust to outliers.

Table 5. Tests of Normality.
Kolmogorov-Smirnov
Intensity Ratio
Duration Ratio
F0 Ratio

Language
English
Korean
English
Korean
English
Korean

Statistic
.050
.128
.140
.169
.120
.159

df
160
160
160
160
160
160
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p
.200
.000
.000
.000
.000
.000

Shapiro-Wilk
Statistic
.992
.946
.836
.844
.957
.876

df
160
160
160
160
160
160

p
.570
.000
.000
.000
.000
.000

Figure 7. The mean bar chart of each parameter with error bars and outliers.

Since normality assumption was violated and outliers existed, a non-parametric
alternative to the parametric one-sample t-test, the one-sample Wilcoxon Signed Rank test with
the test value set at 1.0 was conducted to find whether there is a statistically significant
difference between the values of stressed and unstressed syllables in three areas of the speech by
both Koreans and Americans: duration, F0, and intensity. This test was chosen over other similar
non-parametric tests such as the Mann-Whitney U test, an alternative to the parametric
independent t-test which is infers a median location in the samples, because the set median, 1.0 is
intuitive enabling readers to know instantly whether the stressed syllable is more salient than the
unstressed syllable in a given parameter. The test value of 1.0 indicates the theoretical ratio value
of the stressed to unstressed syllables, signifying that the values between the compared syllables
are same and there is not a significant difference between the syllables. This non-parametric test
was used to check whether the sample came from the population with the specific median of 1.0.
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As mentioned earlier, Korean tokens, though claimed not to have specific stress patterns, were
analyzed following the same stress patterns of English tokens for making a parallel comparison
between the two languages.
According to the statistical results of the one-sample Wilcoxon Signed Rank test for
Korean tokens (Table 3), the median intensity ratio of stressed to unstressed syllables of Korean
tokens (Mdn = 0.97) was not significantly different from the hypothesized mean ratio of 1.0, z =
-.93, p =.352. This means stressed syllables of Korean disyllabic words were uttered with the
roughly same intensity of unstressed syllables. Likewise, the median duration ratio of stressed to
unstressed syllables of Korean words (Mdn = .97) did not show a statistically meaningful
difference from the set median value of 1.0, z = -1.766, p = .077. This result indicates stressed
syllables were nearly as long as unstressed syllables in Korean disyllabic words. However, the
analysis also showed a statistically significant difference between stressed and unstressed
syllables in the median F0 ratio of Korean tokens, z = 6.32, p = .000. This difference in the ratio
of F0 signifies the stressed syllables (Mdn = 1.05) were uttered with higher F0 than the
unstressed syllables. The effect sizes (r) for the three parameters were calculated by dividing the
z-value by the root square N (Pallant, 2013; Rosenthal, Cooper, & Hedges, 1994). Where .25 is
considered small, .40 is considered modest, and .60 is considered large by the interpretations of r
in the field of L2 research (Plonsky & Oswald, 2014), F0 ratio shows a large effect size while the
effect sizes for the other parameters are negligible (see Table 7). Cohen’s d values were also
reported alongside the r values for cross-reference. In interpretations of Cohen’s d, the fieldspecific values suggested by (Plonsky & Oswald, 2014) are used: within-group subjects, .60 is
regarded as a small effect size, 1.00 is regarded medium, and 1.40 is regarded as a large effect
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size; between-groups subjects, .40 is regarded as a small effect size, .70 is regarded medium, and
1.00 is regarded as a large effect size.

Table 6. The One-Sample Wilcoxon Signed-Rank Test Summary for Korean Tokens.
Null Hypothesis

p

Decision

The median Korean Intensity Ratio equals 1.0

.352 Retain the null hypothesis

The median Korean Duration Ratio equals 1.0

.077 Retain the null hypothesis

The median Korean F0 Ratio equals 1.0

.000 Reject the null hypothesis

Table 7. Descriptive Statistics for the Korean Tokens.

Intensity
Ratio
Duration
Ratio
F0 Ratio

Mean

SD

Median

N

d

r

1

.094

.97

160

.018

-.07

1

.357

.97

160

.000

-.14

1.07

.142

1.05

160

1.07

.50

On the contrary, the one-sample Wilcoxon Signed-Rank test for English tokens produced
somewhat dissimilar results from the ones for Korean tokens. As seen in Tables 8 and 9, in all
three parameters, the median ratios of stressed to unstressed syllables are significantly larger than
the set median ratio of 1.0. That is to say, the stressed syllables of the English tokens were
uttered with higher F0, larger intensity, and longer duration than the unstressed syllables. As in
Tables 8 and 9, the median duration ratio of stressed syllables to unstressed syllables of English
tokens is significantly larger than 1.0, z = 10.23, p = .000. The median duration ratio of 1.62
signifies that more than half of the stressed syllables of the English tokens were produced at least
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sixty percent longer than unstressed syllables. The median intensity of stressed syllables was also
larger than that of unstressed syllables with its median ratio significantly higher than the set ratio
of 1.0, z = 9.99, p = .000. The median F0 of stressed syllables was almost 20% higher than that
of unstressed syllables. The F0 ratio was also statistically significantly different from the set
norm of 1.0, z = 9.37, p = .000; in other words, half of the English stressed syllables were uttered
with at least 20 percent higher pitch than the unstressed syllables. Moreover, as seen in Table 9,
the effect sizes of all the parameters are larger compared to those of the Korean tokens.

Table 8. The One-Sample Wilcoxon Signed Ranked Test Summary for English Tokens.
Null Hypothesis

p

Decision

The median English Intensity Ratio equals 1.0

.000

Reject the null hypothesis

The median English Duration Ratio equals 1.0

.000

Reject the null hypothesis

The median English F0 Ratio equals 1.0

.000

Reject the null hypothesis

Table 9. The Descriptive Statistics for the English Tokens.

Intensity
Ratio
Duration
Ratio
F0 Ratio

Mean

SD

Median

N

d

r

1.07

.056

1.07

160

1.20

.79

1.97

1.080

1.62

160

.90

.81

1.22

.234

1.20

160

.94

.74

In order to investigate whether there is a statistically significant difference in the median
ratio values of the three parameters (F0, duration, and intensity) between Korean and English
tokens, a non-parametric equivalent to the independent t-test, the Mann-Whitney U test was
carried out. As shown in Table 5 and Figure 7, the Korean and English tokens were not normally
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distributed with distinctive outliers in the sample distributions violating the normality
assumption. Due to these violations, the non-parametric Mann-Whitney U test was chosen over
its parametric equivalent, the parametric independent t-test which compares the means of the
groups. The non-parametric Mann-Whitney U test is the rank-based non-parametric test which is
used to statistically determine whether the medians of two groups are different from each other.
This test is appropriate for this experiment, of which samples have one independent with two
categorical groups (English and Korean) and the dependent variable (the ratio values) has
continuous values, which are independently observed.
The test results disclosed the median ratios of English tokens were larger than those of
Korean tokens in all three parameters (see Tables 10 and 11). The results show that the median
intensity ratio of stressed to unstressed syllables of English tokens (Mdn = 1.07) was statistically
significantly larger than that of Korean tokens (Mdn = .97), U = 6327, z = -7.82, p = .000. The
duration is the parameter that shows a stark contrast between the two languages. The median
duration ratio of English tokens between stressed and unstressed syllables (Mdn = 1.62) was
more than sixty percent larger than that of Korean tokens. (Mdn = .97); statistically, English
tokens showed significantly longer duration than Korean tokens, U = 3501, z = 11.24, p = .000.
Finally, the results illustrate that English tokens (Mdn = 1.2) were uttered with a clearer
distinction in pitch between stressed and unstressed syllables than Korean tokens (Mdn = 1.05).
Though a discrepancy in F0 seems small between the stressed and unstressed syllables of Korean
tokens with the median ratio of 1.05, the statistical analysis presented a significant difference in
the median F0 ratios of stressed to unstressed syllables between Korean and English tokens
(English Mdn = 1.20 and Korean Mdn = 1.05), U = 6080, z = -8.12, p = .000. Thus, the results of
this experiment are deemed to have a limited impact on the results of the next experiment. It is
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grounded on the assumption that the values of stressed and unstressed syllables of the Korean
tokens in the three parameters would not show distinctions and the differences of values between
the two languages would be significantly large. Lastly, the effect size of duration is the largest
with almost eighty percent variation accounted for by this test, while the other areas have modest
effect sizes.

Table 10. The Mann-Whitney U Test Statistics.
Intensity Ratio

Duration Ratio

F0 Ratio

Mann-Whitney U

6327.00

3501.00

6080.00

Z

-7.82

-11.24

-8.12

p

.000

.000

.000

Table 11. The Descriptive Statistics of the Ratios of Stressed to Unstressed Syllables by
Language.

Intensity Ratio
Duration Ratio
F0 Ratio

Language N

Mean

SD

Median

English
Korean
English
Korean
English
Korean

1.07
1.00
1.97
1.00
1.22
1.08

.058
.936
1.080
.357
.234
.142

1.07
.97
1.62
.97
1.20
1.05

160
160
160
160
160
160

d

r

.91

.62

1.20

.89

.76

.64

In analyzing vowel quality of the tokens of the two languages, scatter plot diagrams were
mainly used featuring the places of vowels in association of F1 and F2 formants. The scatter plot
is a graph with paired numerical values and is used to investigate their associated relationship. In
this study, the scatter plot diagram with the paired F1 and F2 formant values represents a vowel
space; when a vowel is produced, its F1 value indicates how high or low the tongue is positioned
while the F2 value indicates how front or back the tongue is placed. The vowels of each token
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spoken by a Korean and an American participant were compared particularly referring to the
vowel formant charts of English (Figure 8) and Korean (Figure 9), which were adapted from two
college textbooks respectively: Applied English Phonology (Yavas & Wiley, 2011) and The
Handbook of Korean Linguistics (Brown & Yeon, 2015).

American English Vowel Chart

Korean Vowel Chart
F2

F2
600

2400 2100 1800 1500 1200 900

300
200

i
u
ɪ
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u
o

ɯ

300

ɛ

ʌ

F1

ʊ
ə

500
600

ɛ
ʌ
æ

300
400

400
500

300

F1

2400 2100 1800 1500 1200 900

ɔ
ɑ

600

700

700

ɑ

900

800

Figure 8. American English vowel chart of
mean vowel formants of three adult male
American speakers. Adapted from Applied
English Phonology (p. 105), by M. Yavas,
2011, West Sussex, UK: John Wiley & Sons,
Ltd.

800

Figure 9. Korean vowel chart of mean vowel
formants by ten male Korean speakers. Adapted
from The Handbook of Korean Linguistics (p.
8), by L. Brown and J. Yeon, 2015, West
Sussex, UK: John Wiley & Sons, Ltd.
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Korean/English Vowel Formant Chart
F2
2700

2400

2100
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1500
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u

ɛ

400

i

u

ɪ

o

ə

ʌ
ɚ

ʌ

500
600

Korean

F1

i

English

ɑ

ɔ

700
æ

ɑ

800

ɝ

900

Figure 10. The Korean/English vowel formant chart. The mean formants for the Korean and
English vowels used in the acoustic analysis of this study collected from 10 Korean and 10 English
participants. The values on the right and on the top represent the values of F1 and F2 measured in
Hz respectively.

Generally, the above chart (Figure 10) displays some dissimilarities in the positions of
each vowel in the formant chart between this study and the existing resources for both languages.
Out of the Korean vowels featured in Figure 9, the central high vowel, /ɯ/ was not included in
this analysis because this exists only in the Korean vowel inventory. English loanwords in
Korean do not have this vowel because the source language, English, does not have this sound.
When the vowel formants of the tokens used in this study were compared to those of two
references (Figures 8 and 9), the vowel that presented the largest discrepancy was the high back
English and Korean vowel /u/ (rumor-루머, routine-루틴, monsoon-몬순). It can be seen that /u/
of both languages in this study was uttered in a much more front position than has been
documented previously. It is interesting to note that while /u/-fronting in English among young
English speakers has been previously reported in the literature (e.g., Hinton et al., 1987), this
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phenomenon is also observed in another language, Korean. As seen in Figure 11, F2 formants of
/u/ uttered by both Korean and American participants are roughly 1,000 Hz larger than those
featured in the sources cited above (Applied English Phonology and The Handbook of Korean
Linguistics). The larger F2 formants, the more frontward the vowels are pronounced. According
to the results of this analysis, both Korean and English /u/ were articulated at a high central
position.

Comparing /u/ formants
2000
1500
1000
500
0
F1

F2

American participants of this study

Korean participants of this study

Applied English Phonology

The Handbook of Korean Linguistics

Figure 11. F1 and F2 formants of /u/ of this study were compared to those of reference sources
adapted in this study.

An interesting aspect regarding this vowel is that it was pronounced at a similar position
in both languages. Out of all the vowels examined in this study, it is the only vowel of which
articulation positions were overlapped in both languages on the scatter plot (see the overlapping
/u/ in Figure 10 and the following Figures 12 and 13). In the following scatter plots (monsoon
and routine), the plots for the high back vowel /u/ for both languages cluster together. This result
indicates the majority of the participants of both language groups pronounced this vowel with
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their tongues in a relatively similar location. This might be attributed to the influences of /u/
fronting observed in both languages.

routine

monsoon

English rou-/u/

English -tin /i/

Korean rou- /u/

Korean -tin/i/

English mon-/ɑ/
Korean mon- /o/

F2
2400 2100 1800 1500 1200 900

600

600
200

400

400

600

600

F1

200

800

800

1000

1000

F1

F2
2400 2100 1800 1500 1200 900

English -soon /u/
Korean -soon/u/

Figure 13. A scatter plot of /u/ of monsoon
in Korean and English.

Figure 12. A scatter plot of /u/ of routine in
Korean and English.

Though not as much overlapped as /u/, according to the results, the English high front
tense vowel /i/ and its Korean equivalent /i/ were plotted close to each other in the scatter plots
(see Figures 14 and 15 for the examples). As seen in the examples, these front vowels were
uttered at a similar tongue height; yet, the English /i/ was produced at a more front position than
the Korean /i/. These results also show that both the English and Korean /i/s of this study were
spoken at the similar positions described in both the references (Figures 8 and 9). Korean /i/,
which does not have a lax counterpart such as the /ɪ/ in English, displays more similarity to the
English front high tense vowel than its counterpart.
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vaccine

machine

F2

F2
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400
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F1

2400 2100 1800 1500 1200

English -chine /i/
Korean -chine/i/

English ma-/ə/
Korean ma- /ʌ/

English -cine /i/
Korean -cine/i/

600

F1

English vac-/æ /
Korean vac- /ɛ/

800

800

1000

1000

Figure 14. A scatter plot of /i/ of vaccine in
Korean and English.

Figure 15. A scatter plot of /i/ of machine in
Korean and English.

The vowel which shows the greatest distance to its equivalent in the other language is the
English front low vowel, /æ /, which is realized with its Korean replacement /ɛ/ in English
loanwords in Korean. /e/ and /ɛ/ of the traditional Korean vowels are not differentiated anymore
and have merged into /ɛ/ in contemporary Korean, which replaces the English counterpart /æ / in
English loanwords in Korean (Brown & Yeon, 2015). As Figure 16 shows, the Korean vowel /ɛ/,
which is regarded as a mid-front vowel in English, is placed even higher than the English high
front lax vowel /ɪ/. Furthermore, the distance between the Korean /ɛ/ and the English /æ / in
Figure 16 appears to be quite noticeable, which is confirmed in the example scatterplot of attack
(Figure 17).
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Korean/English vowel formant chart
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Figure 16. The distance between Korean /ɛ/ and English /æ /.

attack
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Figure 17. The scatterplot of attack with Korean /ɛ/ and English /æ /.
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F1

500

Korean a- /ʌ/
Korean -cine/ɛ/

A Korean and English vowel pair whose positions show much similarity to those
described in the Korean and English vowel formant charts in Figure 4 and 5 is /ʌ/ (as in ‘cut’).
Though both the Korean and English vowels are annotated with the same IPA symbol /ʌ/, their
articulation differs between the two languages. The English /ʌ/ was pronounced with the tongue
low at the central position whereas the Korean /ʌ/ was uttered at the mid back position. As seen
in the following example of butter (Figure18), the participants of this study produced this vowel
with their tongues at the similar positions depicted in Figures 8 and 9.

butter
F2
2400

2200

2000

1800

1600

1400

1200

1000

800

600
200
300
400
English bu-/ʌ/
500

F1

600

English -tter /ə/
Korean bu- /ʌ/
Korean -tter /ʌ/

700
800
900
1000

Figure 18. The scatter plot of butter showing different positions of the Korean /ʌ/ and the
English /ʌ/.

One of the primary goals of this experiment was to investigate how the unstressed reduced
English mid-central vowel /ə/ and its r-colored version /ɚ/ are different from their Korean
replacement /ʌ/, which is always pronounced as a full vowel. All of the English central vowels
such as /ə/, /ʌ/, /ɚ/, and /ɝ/ are substituted by the Korean mid central vowel /ʌ/. When English /ʌ/
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is unstressed as in the first syllable of attack, it is realized as an English schwa /ə/, which is a
vowel that is a little higher than /ʌ/ (Yavas, 2011). When this unstressed mid-central vowel /ə/ is
followed by rhotic-r, it is realized as /ɚ/ (e.g., the second syllables of dancer, silver, and butter).
Overall, according to the results, the English central vowels were uttered in a more front
and central location than their Korean counterpart /ʌ/. The second formants of the English central
vowels were larger than those of the Korean /ʌ/ as seen in Figure 19. The results also show the
English mid-central vowel /ə/ converges onto the mid-center of the vowel space (F1 500 Hz and
F2 1500 Hz), which is similar to the findings by Ahn (2000). Its r-colored version /ɚ/ also
gathers at the center though it is plotted a little lower than /ə/. However, its stressed version /ɝ/ is
found far distant from the center of the vowel space (see Figure 20). The position of /ɚ/ in this
study is rather compatible with that of /ə/ in Flemming (2009). /ɚ/ is positioned a little behind
/ə/ at the same height in another reference (Kreidler, 2008) This kind of variance in the positions
of /ə/ and /ɚ/ is not surprising in that English schwas show large individual differences among
speakers (Flemming, 2009). /ɝ/ of this study is located much lower than in other resources (e.g.,
Hillenbrand, Getty, Clark, & Wheeler, 1995). This vowel, which is not a schwa, would be
excluded in succeeding discussions because this study focuses on English schwas. The findings
are meaningful for the future discussion in the next chapter because they reaffirmed that English
schwas are produced at a mid-center position different from their Korean correspondent /ʌ/. The
next experiment is grounded on the assumption that unlike English words which are pronounced
with the alternations of a full and reduced vowels (schwa), full vowels in all the syllables of the
English loanwords in Korean would impact American listeners’ intelligibility of spoken words.
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Figure 19. The comparisons of F2s between English central vowels and Korean /ʌ/.

Korean/English Vowel Formant Chart
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Figure 20. The English central vowels and the Korean central /ʌ/.
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Korean

F1

ə

English

Another English reduced vowel, /ɪ/ is found to centralize at the center of the vowel space.
It is found the first syllables of return and guitar, though uttered higher than /ə/, tended to
congregate to the center as seen in the scatter plots of return and guitar (Figures 21 and 22).
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Korean -turn /ʌ/
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Figure 21. The scatter plot of /ɪ/ of return in
English.

F1

English re-/ɪ/
Korean re- /i/

guitar

Figure 22. The scatter plot of /ɪ/ of guitar in
English.

Chapter Summary
This chapter presented an experiment conducted to answer the first RQ. Experiment I was
designed to examine whether disyllabic Korean tokens are acoustically different from disyllabic
English tokens in terms of English lexical features (duration, F0, intensity, and vowel quality).
For the parallel comparison between two languages, English loanwords in Korean, which were
borrowed from English to Korean, were utilized. Ten native speakers of each language were
recruited, and their speech samples of 20 tokens were collected for analysis. The results showed
that the salience of one syllable over the other was more distinctive in English than in Korean.
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Additionally, the acoustic analysis disclosed that unlike English, every Korean syllable is
pronounced with a full vowel. A full discussion on the results is included in chapter 5.
The finding of Experiment I verified the assumption upon which Experiment II is based,
that is, Korean does not have lexical stress which provides salience in a specific syllable either
by suprasegmental features or the alternation of full and reduced vowels. The absence of lexical
stress in English loanwords in Korean in this study is a quintessential condition in the design of
Experiment II because the three different sets of experiment for Experiment II were created
through the manipulation of adding suprasegmental features or vowel quality to the English
loanwords.
In the next chapter, Experiment II, which was designed to answer the second and third
RQs, is presented. The second RQ asks whether suprasegmental information and/or vowel
quality have an impact on listeners’ recognition rates and RTs of spoken words. The third RQ
investigates how the English stress patterns (SW and WS) affect English native listeners’
recognition rates and RTs of spoken words.
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CHAPTER FOUR:
EXPERIMENT II
Method
Experiment II was designed to investigate the second and third RQs. The second RQ asks
whether there are differences among the success rates and RTs of recognizing spoken stimuli
with three different conditions: Original English loanwords in Korean, English loanwords in
Korean (English loanwords) with manipulated suprasegmental features, and English loanwords
in Korean with manipulated vowel quality. It also asks whether there exist any noticeable
patterns emerging from the responses by the participants of this experiment. The third RQ asks
whether stress patterns of English words affect recognition of the spoken tokens from the three
different conditions as in the second RQ.
Design
Experiment II used perceptual identification in the form of dictation and word count as
well as RTs. Participants listened to a word spoken in isolation and were asked to transcribe what
they heard. This technique was selected because intelligibility in this study was concerned with
whether and how quickly a hearer can successfully identify a spoken stimulus (Munro &
Derwing, 1995). To that end, perceptual identification via a dictation task was considered to be
suitable because it provided success rates as well as RTs of identified tokens.
This experiment used English loanwords as stimuli. In the research on lexical stress and
intelligibility, the multitude of studies thus far used English words spoken by native English
speakers as stimuli. Those native English speakers were also sometimes asked to shift the stress
pattern and change the vowel quality of the stimuli. This monopoly of speech samples by native
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speakers has its own reason. When lexical stress is a primary variable, other variables should be
controlled for to ensure research validity, and speech samples by native speakers would make
other variables constant. However, in reality, chances are native English speakers are likely to
converse with second language learners whose speech sounds might deviate from the native
norm. In this respect, intelligibility research needs to consider including non-native speech
sounds. Examining lexical stress in degraded speech (with incomplete phonemes) might
contribute to an understanding of how it affects intelligibility in various conditions.
Materials
Stimuli selection. This study used two sets of disyllabic English loanwords (16 tokens)
selected after several steps of screening processes. These included considerations of syllable
structures, stress patterns, and Korean syllabification restrictions. One set was comprised of eight
words, of which English source words have a strong syllable followed by a weak syllable. The
second set consisted of eight words whose English counterparts have the opposite pattern (a
weak syllable followed by a strong syllable). Polysyllabic words with more than two syllables
were excluded in this study because the focus of this study lies in investigating lexical stress with
the contrast of full and reduced vowels. In addition, this study was not exploring the relationship
between the numbers of syllables in a word and intelligibility. When multi-syllabic words are
used, the study needs to take into consideration the roles of secondary and tertiary stress.
Therefore, this study limited the number of syllables to include only disyllabic words.
The process of selecting candidate stimulus words was complex and rigorous because many
criteria should be taken into account, and most of all, the selection process dealt with two
languages. That is, a good candidate in one language does not necessarily make a similarly good
candidate in the other language. The selection process included several verification steps using
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the following criteria: (1) both the English words and their corresponding English loanwords
should be disyllabic; (2) the two words should have the same syllable structure (e.g., if an
English source word has a syllabic structure CVCVC as in machine, the English loanword in
Korean should have the same syllabic structure CVCVC as in 머신 [mʌʃin]).
The first step of the selection process was to search for disyllabic words from the
database of English loanwords in the National Institute of Korean Language, which has 10045
entries with American English origins ("Korean loanwords from English," 2016). During the
process, a multitude of English disyllabic words were eliminated owing to the different syllable
structure restrictions of both languages. For example, the disyllabic English word, promise,
becomes a tetrasyllabic English loanword, 프라미스 [phɯ•lɑ•mi•sɯ], because Korean syllable
structure rules do not allow a consonant cluster in the onset position nor fricatives nor affricates
in coda position). As a result, each of the first and last consonants, /p s/, forms a separate syllable
with an epenthetic vowel /ɯ/. In this way, a large number of disyllabic English words
corresponded to three or more syllable words in English loanwords. Likewise, a disyllabic
English loanword might correspond to a monosyllabic English word such as ink [iŋ•khɯ].
The candidate words went through another round of selection with Korean syllabification
rules taken into consideration. Two syllable English loanwords do not always have the same
syllables as their English counterparts. For example, the monosyllabic English word boy is
disyllabic in Korean 보이 [po•i] because diphthongs in Korean have two syllables. All of these
considerations produced a list of 188 candidate words with three stress patterns: SS, SW, and
WS (see Appendix A).
The next step was to select possible WS candidate words considering syllabification rules
and syllable structures. The selection started from the WS list (14 words) because it had fewer
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words compared to the SW list (151 words), which would allow the selection process to be more
efficient. Screening the small number of candidates first and then finding matching partners in
the larger list might be easier than vice versa. From the WS list (again, appeal, attack, balloon,
canoe, console, gazelle, guitar, intern, machine, marine, refill, return, taboo), console and intern
were removed because they also have the opposite pattern (SW) as a noun. taboo /təbu/ was
excluded because the first syllable is pronounced as a full vowel /æ / in some dialects. balloon
was also discarded because its English loanword counterpart does not have the same syllable
structure. balloon [bə•lun] and 벌룬 [bʌl•lun] have different syllable structures (CV•CVC vs
CVC•CVC) because Korean syllabification rules require /l/ to be shared by the coda of the first
syllable and the onset of the next syllable.
refill was also removed because the onset consonant /f/ of its second syllable is
substituted by the Korean /p/, which is perceived by English native hearers as a different
phoneme from /f/. As this might undermine the validity of this study design in which other
segments used in this experiment are as much approximate as possible to those of the source
language (English), this word was removed. Lastly, gazelle was removed from the list because
this animal name is rarely used in Korean or heard in spoken English. Though word frequency
was not taken into account in creating a pool of candidate words because it is claimed to have
little effect on perception of spoken words (Savin, 1963), this word has a particularly low per
million indexes (PMW); 0.22 PMW in the Korean Web 2012, a corpus in the Korean language
(Kilgarriff, 2014) and 0.25 PMW in the spoken section of the Corpus of Contemporary American
English (Davies, 2008).
After all of these screening processes, there remained only eight words of the WS pattern
with three different syllable structures (VCVC, CVCVC, and CVCV). In the final list (see Table
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12) are two words (in the grey-shaded cells) with rhotic-r, which is a distinguishing feature of
many dialects of American English. These words were included because in some dialects, this
feature is not pronounced, and it does not affect the syllabification of the candidate words or
syllable structures. In other words, including –r does not move the syllabification boundary or
change one syllable to two syllables.
Table 12. Stimuli for Experiment II.*
English
Token

Korean
Token

Syllable
Structure

Stress
Pattern

English
Token

Korean
Token

Syllable
Structure

Stress
Pattern

attic

애틱

VCVC

SW

again

어겐

VCVC

WS

cookie

쿠키

CVCV

SW

appeal

어필

VCVC

WS

copy

카피

CVCV

SW

attack

어택

VCVC

WS

inning

이닝

VCVC

SW

canoe

카누

CVCV

WS

magic

매직

CVCVC

SW

guitar

기타

CVCV(C)

WS

meeting

미팅

CVCVC

SW

machine

머신

CVCVC

WS

ocean

오션

VCVC

SW

marine

머린

CVCVC

WS

running

러닝

CVCVC

SW

return

리턴

CVCV(C)C

WS

Total

16

* W indicates a weak syllable with a reduced vowel, and S implies a strong syllable with a full
vowel. Shading in the cell indicates a word including a rhotic-r.

After the final tokens of the WS pattern were chosen, the words matching the three
syllable structures (VCVC, CVCVC, and CVCV) were selected in the SW list. In the process, if
possible, a candidate word was chosen whose onset phonemes were similar to those of the
corresponding WS words in an attempt to make other variables as equivalent as possible. For
example, copy was selected over honey because it shares the same initial consonant /k/ with
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canoe. If words with the same phoneme were not available, words with phonemes of the same
place and/or manner of articulation were chosen. The initial consonants of cookie and guitar
differ, but both /k/ and /g/ are velar stops. Ultimately, eight words from the SW pattern were
selected matching the tokens of the WS pattern (see Table 12).
In addition, 16 Korean and 16 English distractors were selected from the list of 188
words irrespective of syllable structures and stress patterns (see Appendix B). They included two
stress patterns (SS and SW). Likewise, the words for practice items were selected from the same
list (see Appendix C).
Stimuli recording. A Korean male produced both the 16 English loanword stimuli and
the 16 Korean distractors. The recording was conducted using a laptop computer at normal speed
in a silent room. A male speaker was chosen because some research shows that word recognition
might be better with male as opposed to female speech samples (e.g., Wilson, Zizz, Shanks, &
Causey, 1990). A free computer recording software, Audacity (Ver. 2.1.2) was utilized, and
speech samples were digitized at 44.1 kHz. The male Korean speaker was selected among those
who can speak Standard Korean, which is defined as the “contemporary Seoul dialect widely
used by educated people” ("The regulations of Standard Korean," 1988). This is an important
consideration in that speakers of some dialects use pitch accent or duration for lexical stress (Ko,
2002). Therefore, the speaker was a male who had lived his whole life in Seoul. The ideal
speaker would have also been one who had no contact with English; however, it is almost
impossible to find a speaker with no exposure to English because all Korean students are
required to take English starting in the third grade. Likewise, a male native English speaker, who
does not use a non-rhotic r English variety, also recorded the same stimulus words in English
and the 16 distractors words in English along with five practice items (see Appendix B for the 12
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distractors and Appendix C for the five practice items). Multiple recordings of each stimulus
word (in both Korean and English) were taken, and the best tokens were chosen for the
experiment in terms of speed and accuracy of articulation.
Stimuli manipulation. For suprasegmental manipulation, the Korean speaker recorded
the same 16 Korean word stimuli again by reading the word with the part underlined and written
in bold with stress (see Table 2). The stressed syllables of English loanwords highlighted in bold
should be louder, longer, and include pitch variance. Since Korean words are pronounced with a
full vowel in each syllable, this manipulation did not create the alternation of full and reduced
vowels. So to speak, this manipulation should bring out the changes to suprasegmental features
with no changes to vowel quality.
For vowel quality manipulation, the speech by the English native speaker was used as a
reference when the stimuli were manipulated with Praat (Ver. 6.0.21) (Boersma & Weenink,
2016), which is a free software widely used for synthesizing sounds. Then, the native speaker
version of an English word was segmented by phoneme using Praat. As a result, each syllable
should have one full or reduced vowel. In the same manner, the English loanwords were
segmented. Then, all the vowels of the Korean stimuli were substituted by the ones of the
English samples. The researcher manually performed this manipulation by pasting segmented
English vowels into the places of Korean vowels using Praat.
Consequently, the manipulated stimuli had the alternations of full and reduced vowels
from the English word samples while preserving the consonant component of the Korean
samples. However, this modification resulted in the words preserving the suprasegmental
characteristics of the English words owing to the substituted vowels from the English words.
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Normally, vowels comprise a large portion of a syllable, and not surprisingly, the modified
words would represent the English words with respect to suprasegmental features.
Therefore, another round of modification was needed to alter the suprasegmental features
in the modified words after those of the original English loanwords in Korean. For this
modification, Praat was employed again. As for F0, the researcher manipulated the F0 contour of
the manipulated token with English vowel quality on the pitch manipulation window of Praat
(see Figure 23). The manipulation was made by pulling up or down the pitch points replicating
the pitch contour of the Korean tokens. Afterward, the manipulated tokens with English vowel
quality and Korean F0 underwent another manipulation, which copied the intensity of the Korean
token. Using Praat, the intensity of the word with vowel quality manipulation was scaled
down/up after that of the Korean original word. Lastly, the duration of the same word was
adjusted by reducing and stretching the vowels after the ones of the Korean original word.

Figure 23. The pitch manipulation window of Praat. The green F0 contour is comprised of a
series of pitch points which can be manually moved.
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After all of these manipulations, this study used three sets of stimuli in addition to 32
distractors (16 Korean words and 16 English words) and five practice tokens: (1) a set of English
loanwords spoken by a Korean speaker; (2) a set of English loanwords spoken by a Korean
speaker with stress; and (3) a set of English loanwords with English vowels manipulated with
Praat.
Validity check with manipulated stimuli. To check the validity of the manipulated
tokens, the set of original English loanwords was compared to the other two sets of manipulated
tokens to see whether there were differences in duration, F0, and intensity. Before any statistical
analysis was conducted, the descriptive statistics were calculated. The descriptive statistics show
(see Table 13) the mean ratios of the Korean original set are smaller than the other two sets in all
three sets, which signifies the Korean original tokens show little variance between the two
syllables of a token compared to the tokens of the other sets. This result was consistent with the
findings of Experiment I, which provided statistic evidence that Korean words have less variance
between stressed and unstressed syllables than English words.

Table 13. Descriptive Statistics of Three Sets of Manipulated Tokens.

Duration
Ratio

F0 Ratio

Intensity
Ratio

Manipulation
Korean original

N
16

Mean
1.00

SD
0.36

Std. Error
0.09

0.84

0.21

1.78

Median
0.94
1.63
1.56

suprasegmental

16

1.86

vowel quality

16

0.81

0.20

Korean original

16

1.08

1.09

0.09

0.02

suprasegmental

16

1.52

1.42

0.25

0.06

vowel quality

16

1.17

1.12

0.19

0.05

Korean original

16

1.02

1.00

0.06

0.01

suprasegmental

16

1.12

1.09

0.10

0.03

1.06

1.03

0.11

0.03

vowel quality

16
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To verify if the findings of the descriptive statistics were statistically significant, any
statistical test should be carried out. In order to test whether any parametric test could be
performed, the normality of the data was first tested using SPSS (see Table 14 for the results).
The results showed the data for the Korean original set in duration and F0 were not normally
distributed. Therefore, a one way ANOVA test was performed for intensity while a
nonparametric equivalent of the one way ANOVA, a Kruskal-Wallis H test, was used for
duration and F0. Along with the analytical significance tests, effect sizes for each parameter were
calculated.

Table 14. Tests of Normality.
Manipulation
Duration
ratio
F0 ratio

Intensity
ratio

Korean original
suprasegmental
vowel quality
Korean original
suprasegmental
vowel quality
Korean original
suprasegmental
vowel quality

Kolmogorov-Smirnov

Shapiro-Wilk

Statistic
.15
.21
.22
.23
.29
.29
.18
.17
.17

Statistic
.91
.86
.85
.89
.78
.80
.92
.93
.92

df
16
16
16
16
16
16
16
16
16

p
.200
.052
.047
.027
.001
.001
.172
.200
.200

df
16
16
16
16
16
16
16
16
16

p
.102
.016
.014
.056
.002
.003
.158
.259
.174

Table 15. Effect Sizes.
Intensity
Duration

F0

between groups
within group
No manipulation vs. Vowel quality
No manipulation vs. Suprasegmental
Suprasegmental vs.Vowel qaulity
No manipulation vs Vowel quality
No manipulation vs Suprasegmental
Suprasegmental vs. Vowel quality
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d
0.15
0.85
n/a
n/a
n/a
n/a
n/a
n/a

r
n/a
n/a
-0.48
-0.52
0.05
-0.22
-0.75
0.52

As in Experiment I, the ratio values of stressed to unstressed values were calculated and
compared among the three areas. In all areas, there were significant differences among the sets.
The Kruskal-Wallis H test showed duration significantly varied among the sets, χ2(2) = 16.14, p
= .000. Pairwise comparisons were performed using Dunn's (1964) procedure with a Bonferroni
correction for multiple comparisons. This post hoc analysis revealed that while the Korean
original set (.94) was significantly different from the suprasegmental set (1.63) (p = .001) and the
vowel quality set (1.56) (p =.003), no significant difference was found between the
suprasegmental and vowel quality sets (p = .100). The Kruskal-Wallis H test also showed
statistically significant differences in the F0 ratios among the three sets, χ2(2) = 28.12, p = .000.
Another series of pair-wise comparisons was conducted and uncovered that the Korean original
set (1.09) was significantly different from the suprasegmental set (1.42) (p = .000) but not the
vowel quality set (1.12) (p = .370). It is not surprising that no differences were found between
the Korean original and vowel quality manipulation tokens because the F0 of the former was
overwritten on the latter. Finally, the ANOVA test also indicated a significant difference among
the three sets for intensity ratios, F(2,45) = 3.92, p = .027. Specifically, the post-hoc Tukey test
uncovered that the Korean original set is significantly different from the suprasegmental set (p
= .021); yet, no significant difference was found between the Korean original and vowel quality
set (p = .244). Not surprisingly, this result also reaffirmed that manipulation was successfully
made as intended in that intensity was copied from the Korean original tokens to those of the
vowel quality set.
Additionally, the effect size for intensity was calculated small in the field-adjusted
interpretations of L2 research for both within group and between groups. In case of duration, a
medium size effect was discovered in the pairs of no manipulation and vowel quality sets as well
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as the no-manipulation and suprasegmental sets while the effect size for the pair of
suprasegmental and vowel quality was negligible. As for F0, the effect size for the pair of nomanipulation and vowel quality was found to be small, large for the pair of no manipulation and
suprasegmental sets, and medium for the pair of suprasegmental and vowel quality sets (see
Table 15).
All the manipulated tokens were verified by a trained phonetician on their naturalness
and then they were also played to a small group (n = 3) of native speakers of American English,
who judged their naturalness.
Participants
One hundred seventeen participants were recruited for this study from introduction to
linguistics classes and English for Speakers of Other Languages (ESOL) classes at a large
Southeastern university in the United States. 117 individuals completed the experiment, but 14
participants’ responses were discarded: Nine had English as their second language, four had prior
experience learning Korean as a second language (either as a second or heritage language), and
one reported having a hearing problem. In total, the responses of 103 participants were used for
the analysis of this experiment (see Table 16 for the participants’ language backgrounds).
Participants’ ages are unknown because they responded via an anonymous online link and no
personal information was gathered. Yet, participants are assumed to be in their 20s because the
classes are those typically taken by undergraduate students, most of whom are in their early
twenties. No restrictions were applied to the gender of participants.
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Table 16. Second Languages of the 103 Participants.*
Languages
The Number of Participants
American Sign Language
4
Arabic
2
Cambodian
1
French
5
German
4
Hindi
1
Latin
2
Spanish
38
Vietnamese
1
None
52
Total
110
*Some participants had two or more second languages.
Identification Experiment
This study used an online commercial survey platform (Qualtrics) for administering the
spoken word identification test. This online survey software (ver. 2017) was used because it
featured such functions as randomizing survey items and measuring RTs. In addition, it allowed
for the experiment to be distributed online to any anonymous recipient/respondents and also
allowed participants to respond at their convenience. Most of all, its interface is not complicated
so that any college student who is familiar with carrying out any task online would find it easy to
follow. This online survey tool allows users to create audio-embedded items, in which
respondents identify them after listening to audio-files.
The researcher created three versions of the identification experiment with (1)
unmanipulated English loanwords, (2) English loanwords with manipulated suprasegmental
features, and (3) English loanwords with manipulated vowel quality. Each version included five
practice items, 16 stimuli, 16 Korean distractors and 16 English distractors. At the end of the
identification experiment were four questions asking about the respondents’ first and second
languages, hearing problems, and their thoughts on the experiment. The five practice items were
included at the start of each session so that participants had a chance to familiarize themselves
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with the test procedure and items. On the first screen of the identificaiton experiment were
general instructions as well as a brief introduction to the experiment. After the instructions came
the practice and experimental items. Each item included instructions and an embedded audio file
of a token in .WAV format. Following are screenshots of the first page (Figure 24) and of the test
interface (Figure 25).

Figure 24. Identification experiment instruction page.
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Figure 25. The test interface.

Procedures
Three anonymous links, with the help of instructors teaching the courses, were posted on
the Canvas, a university online course software, which respondents frequently visited for course
materials and announcements. The links to each version of the experiment were distributed to a
roughly equal number of students; yet, response rates were not similar in number among three
versions of the experiment because students freely responded to the request. The respondents to
the first version were tested with the English loanwords with no manipulation. The respondents
to the second version heard the English loanwords with the manipulated suprasegmental features.
The English loanwords with manipulated vowel qualities were administered to the third group of
respondents.
On the first instruction page of the experiment, respondents were directed to check the
computer audio settings and headphones. Before the actual test items, participants completed five
practice items (see Appendix C) to have time to get acquainted with the test format. All practice
items were disyllabic English words spoken by a native speaker of English (all the tokens
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including stimuli, distractors, and practice items were disyllabic). After the practice items,
participants began the experiment with each item being presented randomly. They listened to an
embedded audio file after clicking on it and were instructed to type down the word they
identified; yet, no time limit was imposed for each item to be answered. When they were not able
to identify the word, they were instructued to move on to the next item without entering any
word. Once an item had been answered, they would click on the next button to move on to the
next item. At the end of the test, the participants were asked to respond to the questionnaire (see
Appendix D).
Data Collection and Data Analysis
In all, 1648 responses were collected from 103 participants (103 participants × 16 tokens
= 1648 responses). Specifically, both the Korean original and suprasegmental sets garnered 496
responses by 31 participants, respectively, while the vowel quality set received 656 responses
from 41 participants.
The data which were used for analysis were respondents’ correct or incorrect answers
(coded as 1 or 0) and RTs, measured in seconds. When an item was correctly responded to, the
item was given 1 and otherwise 0. The RT was measured from the point the audio file was
played to the moment the respondent clicked on the text entry box to enter the answer. Therefore,
the RT would be the time respondents spent to find the answer before they began to enter it in
the text box.
After all testing had been completed, the researcher first examined participants’ responses
for misspellings. There was only one word that could have been considered misspelled; yet it
was removed from the analysis because it could not be decided whether it was a really spelling
mistake or just non-word. After collecting the descriptive data (correct or incorrect responses and
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RTs for each item for all three sets), data were coded in order to be loaded into SPSS (Ver. 23),
as shown in the example in Table 17.

Table 17. Coding of the Data.
Manipulation

Stress pattern

Responses

Value

Label

Value

Label

Value

Label

1

Korean Original

1

SW

1

correct

2

Suprasegmental

2

WS

0

incorrect

3

Vowel quality

n/a

n/a

n/a

n/a

For the analysis of respondents’ correct answers, a Binominal logistic regression test was
employed. This test was used because the collected data were comprised of dichotomous values
(1 for correct answers and 0 for incorrect answers) derived from respondents’ answers to the
experimental items. For this analysis, the independent and categorical variable (the method of
manipulation) was dummy-coded because the logistic regression model cannot be applied to
discontinuous data. Therefore, these categorical data had to be transformed into the form suitable
for this regression test. This dummy coding was not manually performed; instead, the SPSS has a
function which automatically dummy-codes the designated variable.
Originally, a one-way ANOVA test was planned to be used for finding differences in the
means of success rates of each token among three sets of different manipulations. However, the
success rates were not considered valid values because the same value from two different tokens
might represent different attributes depending on how many participants responded to the tokens.
That is, the different number of responses to each token might affect the validity of the analysis.
For instance, a 50 percent success rate of one token of one set answered by 40 respondents
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cannot be the same as the 50 percent success rate of the corresponding token in another set
responded by 4 respondents.
The data of this experiment met all the assumptions for the binominal logistic regression
test. First, the dependent variable (correct or incorrect answers) was dichotomous. It also had two
independent variables which were nominal (three sets of tokens by three different manipulations
as well as two different stress patterns). Additionally, all the observations of the variables were
independent, and all the categories of the independent variables were mutually exclusive. Each
set also had more than 400 cases while at least 50 cases were recommended. In addition, no
significant outliers were found with the studentized residuals of less than 2.5 where the residual
of three or less is considered to indicate few significant outliers. The multicollinearity
assumption was not violated because only one independent variable was examined. Lastly, the
linearity assumption was not checked because the independent variable of this experiment was
categorical; under this assumption, at least one continuous independent variable should have a
linear relationship with the logit transformation of the dependent variable.
For analyzing RT, a one-way ANOVA was used. Before conducting this test, the
assumption of normality was tested using a statistical test, the Shapiro-Wilk. The Shapiro-Wilk
was chosen over Komogorov-Smirnov because this study deals with less than 50 participants in a
group. Likewise, for checking the assumption of homogeneity, Levene’s test was used to
statistically check the homogeneity of the groups (Larson-Hall, 2015).
Results
The binominal logistic regression was run to investigate the second RQ, whether there
was a significant difference in the recognition rates of the tokens in three different conditions
(English loanwords with no manipulation, manipulated English loanwords with lexical stress,
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and manipulated English loanwords with English vowel quality). This test also answered the
third RQ asking whether stress patterns (SW and WS) have an impact on the recognition rates of
the tokens in the same three different conditions.
Before the test, descriptive statistic results were examined to see whether the descriptive
data showed any difference in the observed cases of the three different sets. As seen Table 18,
the unmanipulated English loanword set had the smallest observed cases of correctly answered
responses compared to the other sets (32% vs. 40% or 68%). In contrast, the set with vowel
quality manipulation showed the highest success rate among the three sets with 68 percent
responses answered correctly. According to these results, it is assumed that the manipulation
methods had an impact on the recognition of spoken tokens by English native speakers. In
addition, the results showed that vowel quality is more influential than suprasegmental attributes
in the recognition of spoken words by English native speakers. It is also found that
suprasegmental features still play a role in the recognition of spoken words, if not as strong as
vowel quality.

Table 18. Descriptive Statistics of Observed Cases in Three Different Conditions.

Original Korean
Manipulation

Suprasegmental
Vowel Quality

Total

Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage

Success Rate
Incorrect
Correct
336
160
68%
32%
296
200
60%
40%
208
448
32%
68%
840
808
51%
49%

Total
496
100%
496
100%
656
100%
1648
100%

In order to check whether these results were statistically significant, the binominal
logistic regression test was conducted. Along with the test, to check how well the model predicts
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the results, the Hosmer and Lemeshow goodness of fit test was performed. The test showed this
model is not a poor fitting model with (p = 1.0): a p-value closer to 1.0 indicates that the model
is not a poor fitting model.
The results of the binominal regression test showed that this logistic regression model
was statistically significant, χ2(2) = 168.28, p =.000. The model explained 13.0% (Nagelkerke
R2) of the variance of correctly identifying spoken words and also correctly classified 65.5% of
cases. Specifically, there were statistically significant differences in the recognition rates among
the three manipulation conditions (p = .000). The results showed a statistically significant
difference in the recognition rates of spoken tokens between the original English loanword set
and the set with suprasegmental manipulation (p = .008). The likelihood that English native
hearers successfully identified the tokens of the set with suprasegmental manipulation is 1.4
times higher than that of the set of original English loanwords (see Table 19). There was also a
statistically significant difference in the likelihood of identifying spoken tokens between the
original English loanword set and the set with vowel quality manipulation (p = .000). This result
indicated that English native hearers are 4.5 times more likely to correctly identify spoken tokens
with vowel quality manipulation than those with no manipulation. Likewise, a significant
difference was found between the sets with suprasegmental manipulation and vowel quality
manipulation (p = .000). The chance that English native hearers could correctly identify the
tokens with vowel quality manipulation was 3.2 times higher than the tokens with
suprasegmental manipulation.
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Table 19. Variables in the Equation.*
95% CI for EXP(B)
B

S.E.

Manipulation
Step 1

Wald

df

p

160.73

2

.000

Exp(B) Lower

Upper

Manipulation(1) .35

.133

6.95

1

.008

1.42

1.09

1.84

Manipulation(2) 1.51

.128

140.03

1

.000

4.52

3.52

5.81

Manipulation(3) 1.16

.124

87.17

1

.000

3.19

2.5

4.1

* Manipulation (1) signifies the comparison between the original English loanword set and the
English loanword set with suprasegmental manipulation; Manipulation (2) indicates the
comparison between the original English loanword set and the set with vowel quality
manipulation; Manipulation (3) also denotes the comparison between the sets with
suprasegmental manipulation and vowel quality manipulation.

Overall, these results revealed that English lexical features, both suprasegmental features
and vowel quality, helped English native speakers correctly identify spoken English words.
However, when these two kinds of attributes are compared, vowel quality is three times more
influential than suprasegmental features. That is to say, when it comes to identifying spoken
words, vowel quality (the alteration of full and reduced vowels) plays a three times more
powerful role than suprasegmental features (duration, intensity, and F0).
In a similar manner, in order to investigate the influences of the stress patterns (SW vs.
WS) on the recognition of spoken words, the same test was performed again. As with the
analysis of the manipulation types, the descriptive statistics are provided (Table 20); yet, the
analysis would be made only for the set with vowel quality manipulation because the contrast
with full and reduced vowels exists only in the set with vowel quality (VQ). Each syllable of the
tokens in the other sets is pronounced with full vowels.
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Table 20. Descriptive Statistics for Stress Patterns.
Manipulation

No Manipulation

Stress
Pattern

SW
WS

Total

Suprasegmental

Stress
Pattern

SW
WS

Total

Vowel Quality

Stress
Pattern

SW
SW

Total

Total

Stress
Pattern

Total

SW
WS

Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage
Count
Percentage

Success Rate
Incorrect
Correct
137
111
55%
45%
199
49
80%
20%
336
160
68%
32%
123
125
50%
50%
173
75
70%
30%
296
200
60%
40%
104
224
32%
68%
104
224
32%
68%
208
448
32%
68%
364
460
44%
56%
476
348
58%
42%
840
808
51%
49%

Total
248
100%
248
100%
496
100%
248
100%
248
100%
496
100%
328
100%
328
100%
656
100%
824
100%
824
100%
1648
100%

As seen Table in 20, in the sets with no manipulation and suprasegmental manipulation,
the SW pattern saw more counts of correctly identified words whereas the counts of correctly
answered cases were evenly split between the SW and WS patterns in the set with vowel quality
manipulation. It is quite impressive that in the tokens with no alternation of a full and a reduced
vowel, the WS pattern seems to be a strong influencer compared to the opposite pattern, the SW
pattern.
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The binominal logistic regression test also produced similar results to those of the
descriptive statistics. The logistic regression model was statistically significant when all the
manipulation types were counted, χ2(1) = 30.46, p = .000 (see Table 21). The model explained
2.4% (Nagelkerke R2) of the variance in correctly identifying spoken tokens and correctly
classified 57.0% of cases. This model also indicated that respondents were 1.7 times more likely
to identify the tokens of the SW pattern than of the WS pattern. However, when the binominal
regression test was run only on the responses of the vowel quality set, the logistic regression
model was not statistically significant, χ2(1) = 0.00, p = 1.000 (see Table 22). As for the set with
vowel quality manipulation, the likelihood for respondents to find correct answers is the same
between with the SW pattern tokens and WS pattern tokens.

Table 21. Variables in the Equation for the Stress Pattern with All the Manipulation Types
Counted.

Step 1

Stress pattern
Constant

B
.55
-.31

S.E.
.10
.071

Wald
30.27
19.72

df
1
1

Sig.
.000
.000

95% CI for EXP(B)
Exp(B) Lower
Upper
1.73
1.42
2.10
.73

Table 22. Variables in the Equation for the Stress Pattern of the Set with Vowel Quality
Manipulation.

Step 1

Stress pattern
Constant

B
.00
.767

S.E.
.17
.12

Wald
.000
41.81

df
1
1

Sig.
1.00
.00

Exp(B)
1.00
2.15

Another round of analysis was conducted to investigate the 2nd and 3rd RQs: Is there a
significant difference in the RT of correctly identified tokens across the three different
manipulation types and the two stress patterns? Before any parametric tests were conducted, the
normality of data distribution was checked with the Shapiro-Wilk test. According to the test
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results, it was found that the data were not normally distributed, p = .000. Therefore, the
Kruskal-Wallis H test, which is a nonparametric equivalent test of the one-way ANOVA, was
performed to check whether there were any differences in the median RTs of correctly answered
tokens across the three sets of tokens with three different manipulation types. Median RTs were
not statistically significantly different between the different sets of manipulation, χ2(2) = 5.11, p
= .078. The epsilon-squared estimate of effect size (𝐸𝑟2 = .006) was calculated and it showed
little relationship between the RTs and the manipulation types where 0 indicates no relationship
and 1 indicates perfect relationship. These results indicate that the RTs of the correctly answered
tokens do not vary depending on the manipulation types (see the boxplots in Figure 26).

Figure 26. The boxplots of the RTs of the three manipulation sets.

Then, a nonparametric equivalent of the independent t-test (The Mann-Whitney U test)
was conducted to see whether there is a difference in the RTs of correctly answered responses
between the two different stress patterns (SW and WS). The results showed that median RTs of
the tokens for the SW stress pattern (Mdn = 2.83) and the WS stress pattern (Mdn = 2.85) were
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not statistically significantly different, U = 70959.5, z = -.606, p = .544. The effect size for this
test (r = -.02) shows a negligible relationship between the RTs and the stress pattern. The
findings of this test also revealed that the different stress patterns do not have an influence on
how fast respondents identify the spoken tokens they hear.
The Mann-Whitney U test was performed again to check whether there is a difference in
the RTs between correctly answered and incorrectly answered tokens across all the manipulation
types. Median RTs for correctly answered tokens (Mdn = 2.82) and incorrectly answered tokens
(Mdn = 2.80) were not statistically significantly different, U = 231242, z = -.155, p = .877. The
coefficient (r = -.005) was negligible in the relationship between the RTs and the answer types.
The results indicated that respondents spent roughly equal time identifying spoken tokens
whether they got them right or wrong.
A series of the same test was run to investigate whether there is a difference in the RTs of
the tokens of the two different stress patterns in each set of manipulation types. All across the
manipulation types, no significant differences were discovered in the RTs between the two stress
patterns. In the English loanword set without no manipulation, median RTs were not
significantly different between the stress patterns with little correlation coefficient (r = -.015), U
= 21984.5, z = -.301, p = .763. In the set with suprasegmental manipulation, the median RT of
the SW pattern was not significantly different from that of the WS pattern with small correlation
coefficient (r = -.06), U = 4245.5, z = -.788, p = .431. Lastly, the set with vowel quality
manipulation showed no significant differences in the RTs between the two stress patterns with
negligible correlation coefficient (r = -.005), U = 41483, z = -.126, p = .900.
In short, statistical tests conducted to explore RT differences among the manipulation
types and stress patterns did not find any statistically significant differences in any of the
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comparisons. The results showed that the manipulation types did not affect the RTs by
respondents when they correctly identified the tokens. Nor did the stress patterns all across the
manipulation types have an influence on the RTs by respondents. Likewise, it was found that the
RTs were not influenced by the stress patterns in each manipulation type.
RQ 2b examined if there were emerging patterns in the respondents’ responses where
only given responses were analyzed as opposed to the preceding analyses which included even
non-responses. The given answers, whether correct or incorrect, along with the recognition rates
of each token table were examined to find any distinguishable patterns; the recognition rates of
all the tokens were provided on a table in Appendix E. Above all, the tokens with highest success
rates were checked to find any possible reasons for the rates, and the responses were examined to
see whether any perceivable patterns emerged. Then, if any pattern was detected, the responses
of other tokens were investigated to see whether the similar pattern was also found in them.
Additionally, the tokens with stark differences in the recognition rates across the three sets of
different manipulation were searched for to examine what might have caused such wide gaps in
the responses among the sets. The following table provides some brief descriptive statistics
regarding the responses by participants (Table 23). On average, almost half of the items were
correctly answered. The token with the highest success rate was answered 92 times out of 100.
The token with the lowest success rate was the one which only 6% of all the respondents
answered correctly. A token in the set with vowel quality manipulation got the highest success
rate of 98% while one token from the set with no manipulation and two tokens from the set with
suprasegmental manipulation had no correct answer.

103

Table 23. The Short Descriptive Statistics for the Responses.
Average
correct
responses

The highest
total success
rate of a token

The lowest
total success
rate of a token

49%
(SD =5%)

92.2%

5.8%

Manipulation
type

The highest
rate of a token
all across the
sets
97.6%

The lowest rate
of a token all
across the sets

Vowel quality

No
manipulation –
2 tokens
Suprasegmental
-1 token

0%

The analysis of the responses has uncovered several distinctive patterns. First, it appears
that when sufficient segmental information is provided, English native hearers do not seem to
resort to other kinds of information, that is, suprasegmental and vowel quality information in this
experiment. Two tokens whose recognition rates were highest in the set of English loanwords
without manipulation were cookie and guitar (see Figure 27). What is common in both words is
that the consonants and vowels of the English loanwords and their English source words are
similar to each other. /k, g, t/ of the English words were substituted to /kh, k, th/ of English
loanwords. Of course, there is a subtle difference between them such as the existence of
aspiration in /k, t/; yet, the place or manner of articulation is not divergent between the pairs of
the corresponding sounds. Moreover, the English vowel /u/ overlaps with /u/ of Korean as noted
in Experiment I. These similarities in segmental features might have resulted in the high
recognition rates of the tokens from the set with no manipulation; that is, no suprasegmental
features or/and the contrast of vowel quality.
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Recognition rates
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
cookie

guitar
incorrect

correct

Figure 27. Recognition rates for cookie and guitar in the set of English loanwords without
manipulation.

On the contrary, for two English consonants which are replaced with a single consonant
in English loanwords, the recognition rates were relatively low. For instance, while English has
two liquid sounds (one lateral, /l/, and one rhotic, /r/), Korean has only one lateral, /l/. Therefore,
when an English word containing a rhotic /r/ is borrowed to Korean, this sound is substituted
with the lateral /l/ in English loanwords in Korean. In this experiment, the English token,
running, is pronounced as /lʌniŋ/ for the English loanword token. Out of 62 respondents who
completed the English loanword set and the set with suprasegmental manipulation, 25
respondents answered it as learning while four respondents entered longing. These results appear
to indicate that this type of consonant substitution resulted in higher error rates.
Similarly, cases were observed where English native hearers took a lateral /l/ uttered by a
Korean native speaker as /r/. The majority of respondents identified appeal in all three sets of
manipulation as appear (see Figure 28). These responses are almost four times as many as the
correct answer, appeal. These observations denote that English native hearers had a tendency to
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perceive the lateral /l/ produced by a Korean native speaker as either /l/ or /r/; yet, preferably as
/r/ especially when it is placed in the coda position.

Responses for the token of appeal
30
25
20
15
10
5
0
armpit

appear

appeal

uphill

open

a pin

apple

appealing

Figure 28. English native hearers’ responses to the token of appeal in all three sets of
manipulation.
Another similar instance was observed with the token of copy. The English consonants
/p/ and /f/ were borrowed into the single sound /p/ in English loanwords in Korean. Although 71
respondents identified the token, copy correctly, 13 respondents identified the token as coffee.
These results might suggest that the English /p/ is not entirely compatible with the Korean /p/,
that is, the Korean /p/ might contain some attributes which can be perceived as the English /f/.
The token whose success rate differed most by manipulation types among the three sets
of manipulation is machine. Most respondents for the set with vowel quality manipulation
answered this token correctly. On the contrary, the majority of respondents to the set with no
manipulation incorrectly answered the token as motion while many respondents to the set with
suprasegmental manipulation chose washing as well as machine (see Figure 29). This fact might
imply that when vowel quality and suprasegmental information are not sufficient, English native
speakers tend to rely on available segmental information. For the respondents to the set with no
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manipulation, they were not given the distinctive vowel contrast between the syllables and little
suprasegmental information; so, they seemed to make use of only available segmental
information, that is, the consonants in each syllable, /m, ʃ, n/. When they were provided with
suprasegmental information, it seemed they exploited the segmental information of the syllable
which was emphasized with the suprasegmental information. Thus, with the set with
suprasegmental manipulation, respondents seemed to focus more on the consonant of the
stressed syllable, /ʃ/ than that of the unstressed syllable, /w/.

Responses for the token of machine
90.00%

82.90%
74.22%

80.00%
70.00%
60.00%
48.40%

50.00%
40.00%
30.00%
20.00%

12.90%

10.00%

0.00%

0.00%
machine
vowel quality

machine

washing

motion

suprasegmental

machine

no manipulation

Figure 29. Responses for the token of machine.

Another token which displayed a wide gap in recognition rates among the three sets was
attack. Most respondents to the set with vowel quality manipulation answered correctly (98%);
however, not a single respondent responded correctly to this token for the set with no
manipulation (see Figure 30). This large discrepancy can be traced to the fact that the vowels,
which account for the largest portion of the token sound, between the set with no manipulation
and the set with vowel quality manipulation show large distance in the vowel space between
Korean and English as seen in the results of Experiment I. The English mid central /ə/ was
107

distant from its Korean counterpart in English loanwords in Korean /ʌ/ in the vowel space (see
Figure 20). The English low-front /æ / and its Korean substitute /ɛ/ also showed a considerable
distance between them (see Figures 16 and 17). In addition, as seen in Figures 31 and 32,
compared to those of English, the Korean consonants, /t, k/ are not much distinctive and clearly
audible. These factors are deemed to have been attributable to the zero recognition rate for the
set with no manipulation.

Recognition rates for the token of attack
100%

97.60%

80%

60%

40%

20%
6.50%
0%
0%
vowel quality

suprasegmental

no manipulation

Figure 30. Recognition rates for the token of attack.

Figure 31. The spectrogram for the English loanword, attack, spoken by a Korean native speaker.
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Figure 32. The spectrogram for the English token, attack, by an English native speaker.

Chapter Summary
Experiment II explored whether suprasegmental features or/and vowel quality
plays a role in spoken word recognition and if they do, which factor is more influential. For this
experiment, as with Experiment I, disyllabic English loanwords in Korean were used. English
native speakers listened to English loanword tokens from a set with no manipulation, a set with
English suprasegmental features, and a set with English vowel quality. The analysis of their
responses revealed that as far as recognition rates are concerned, both suprasegmental features
and vowel quality significantly influenced hearers’ identification of spoken words. Yet, when the
two attributes were compared, the study revealed that vowel quality was a much stronger
contributor to word recognition than suprasegmental features. As for stress patterns, as opposed
to the findings of previous studies, the different stress patterns did not yield any meaningful
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differences between the two stress patterns (SW vs. WS). Unlike the results of recognition rates,
no meaningful differences were found in terms of RTs.
In the following chapter, discussions of Experiment I and II are presented. The
conclusion of this study is also provided with the implications this study holds in relation to its
design. Additionally, the limitations of this study are discussed as well as the areas for future
research with respect to the topic explored in this study.
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CHAPTER FIVE:
DISCUSSION & CONCLUSION
Discussion
Experiment I
The results of this experiment were analyzed in two aspects: Suprasegmental features of
English lexical stress (duration, intensity, and F0) and vowel quality. The analysis was intended
to answer the first research question of this study asking whether English loanwords in Korean
are different from their corresponding English source words in the above-mentioned four
features. The answers provided grounds for the Experiment II, which examined whether
suprasegmental features and/or the alternations of full and reduced vowels have an effect on
American hearers’ recognition of spoken words. First, to that end, it was examined whether the
stressed syllables of the tokens in each language were significantly different from the unstressed
syllables in three parameters: duration, intensity, and F0. Next, an analysis was conducted to
investigate whether the differences between the stressed and unstressed syllables of disyllabic
English tokens in the three parameters were significantly different from those of the Korean
tokens. Lastly, the vowel qualities of the Korean and English tokens were compared; in
particular, it was examined how the English reduced vowels /ə/ and /ɚ/ are differently realized
from their Korean counterpart, /ʌ/, which is always pronounced as a full vowel.
Not different from earlier findings (Beckman, 1986; Fry, 1955, 1958; Lieberman, 1960;
Sluijter & Van Heuven, 1996), the analysis showed that the stressed syllables of the disyllabic
English tokens have significantly larger intensity, higher F0, and longer duration than the
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unstressed syllables. Duration is the parameter showing the largest median ratio of 1.62, which
indicates that on average, the stressed syllables of more than half of English tokens were uttered
almost sixty percent longer than unstressed syllables. As for intensity (in dB), the median ratio of
1.07 is considered to be small compared to those of duration (Mdn = 1.62) and F0 (Mdn = 1.20);
still, the statistical analysis with a medium effect size (r = .39) revealed the intensity of stressed
syllables of English disyllabic words is significantly larger than that of the unstressed syllables.
These results are compatible with the findings by Fry (1955). The stressed syllable of object in
his study was almost three times longer than the unstressed syllable as a noun and 30% longer as
a verb. Likewise, the stressed syllable of object as either a noun or verb had approximately 70%
larger intensity than the unstressed syllable. The prominence of stressed syllables continued to be
observed in all the other four tokens used in his study (i.e., subject, permit, contract, and digest).
The F0s of stressed syllables of English tokens in this study were roughly 20% higher than of
unstressed syllables, which is consistent with the findings by Gay (1978). In his study, /i/ and /ɑ/
showed approximately 30% to 50% higher F0 when they are stressed than when these same
vowels do not have stress.
By contrast, there was no statistically significant difference between stressed and
unstressed syllables of Korean tokens (as mentioned above, the stress patterns of Korean tokens
followed the ones of English tokens to make a parallel comparison) in duration and intensity.
Statistically speaking, stressed and unstressed syllables of Korean tokens were produced with
similar duration and intensity. As far as these parameters are concerned, the results of this study
indicated that any saliency or any inferred noticeable stress pattern was not discovered in Korean
tokens. This result is comparable to the findings with English tokens in which the prominence of
stressed syllables is consistently observed across all tokens.
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However, as for F0, statistically significant differences were found between stressed and
unstressed syllables. This result is in line with the claim by Jun (1993, 1998) that though Korean
does not possess lexical stress patterns at the word level as in English, pitch operates as an
acoustic feature in realizing Korean prosody at the accentual phrase level or above (the
Intonation Phrase). According to Jun, the Accentual Phrase is a phrase composed of two to five
syllables. Therefore, there could be variations in F0 among syllables even in a word; however,
notwithstanding the F0 difference among syllables, this difference does not lead to any
predictable stress patterns in Korean because the tonal contours of words and phrases continue to
change depending on where they are situated in a phrase or sentence. For instance, when a word
is located near the phrase end boundary, its last syllable usually assumes a high tone whereas the
same word is likely to take a falling low tone when it is positioned at the sentence end boundary.
In that regard, the F0 difference found in this study is to be considered as an attribute of the
Intonation Phrase level rather than one of the attributes of lexical stress as found in English.
Lastly, the results of this study provided a rather clear-cut answer to the first RQ asking
whether there is a significant difference between the ratios of stressed to unstressed syllables of
Korean and English tokens in three parameters (intensity, duration, and F0). In all three areas,
the statistical analysis revealed that the ratios of English tokens were significantly larger than
those of Korean tokens. That is to say, compared to unstressed syllables, the saliency of stressed
syllables of English tokens was more distinct than that of Korean tokens. In the case of duration,
the discrepancy between the languages was most notable. The mean ratio of English (1.97) was
nearly double the one of Korean (1.00). That is, the stressed syllables of English tokens were
spoken twice longer than the unstressed syllables while the syllables of Korean tokens were
spoken with the approximately same length. As mentioned above, there existed a little difference
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in F0 between stressed and unstressed syllables of Korean tokens; however, the difference in
English tokens was significantly larger than that in Korean tokens. This result echoes the
previous findings by Koo (1986). He revealed that the F0 difference between the syllables of
Korean disyllabic words was 12Hz whereas that of English words was 40Hz.
As for vowel quality, the two languages demonstrated discrepancies between the vowels
of one language and the corresponding ones of the other language. In particular, English schwas
/ə, ɚ/ and their counterpart in Korean /ʌ/ revealed a clear distinction in the vowel spaces they
assume. It was found that English schwas tend to converge on the mid-center vowel space, which
was one of the characteristics of reduced English vowels along with their shortened length. By
contrast, the Korean /ʌ/ has its position in the space, which is lower and more back than English
schwas. The result is in agreement with Ahn (1997) though his study compared the speech by
native speakers of American English and Korean English learners. He suggested that Korean
learners produced the English schwa /ə/ like the Korean full vowel /ʌ/ with much longer duration
than native speakers of English.
Another vowel pair that displayed a large gap in vowel space is the English /æ / and its
corresponding Korean vowel /ɛ/. Though the latter replaces the former when English tokens are
borrowed into Korean, the low-front lax English vowel /æ / was produced much lower than the
Korean mid-front /ɛ/; the Korean vowel /ɛ/ was actually plotted much higher than the English /ɛ/,
even closer to the English /ɪ/.
In sum, acoustic comparisons of this study between Korean and English tokens showed
stressed syllables of disyllabic Korean words were uttered with similar duration and amplitude
and with F0 showing a little difference. By contrast, the distinction between English stressed and
unstressed syllables was rather salient with greater intensity, longer duration, and higher F0

114

associated with stressed syllables. Furthermore, when Korean and English tokens were
compared, it was revealed that the ratios of stressed to unstressed syllables of English tokens
were significantly greater than those of Korean tokens. This implies the contrast between
stressed and unstressed syllables of English tokens was distinctively large in three parameters
(intensity, duration, and F0) as compared to Korean tokens. This study also affirms that the
Korean full vowel /ʌ/ replacing the English schwas /ə, ɚ/ is pronounced with the tongue
positioned lower and more back than the English schwas. That is to say, the Korean vowel
inventory does not include a reduced vowel like English schwas, and the substitute Korean
vowel for English loanwords in Korean, /ʌ/, is pronounced always as a full vowel.
Previous research has been inconclusive regarding whether Korean has lexical stress as
English does; some researchers argue that lexical meanings of a Korean word can be
distinguished by different syllable durations or pitch (e.g., Ko, 2002). In that respect, the findings
of this study might be significant in that they lend additional support to the position that Korean
does not have lexical stress at the word level (e.g., Jun, 1993; Lee, 2015; Shin & Lee, 2016). At
least, the results of the current study clearly indicated that Korean does not have lexical stress
manifested by English lexical stress features such as duration, F0, intensity, and vowel quality.
These results also laid the groundwork for Experiment II, which hypothesized that Korean does
not have the type of lexical stress that is observed in English.
This study also contributes to the current literature by providing insights into how Korean
is different from English in respect to lexical stress features. There have been few studies that
explored differences between the two languages by making a parallel comparison. There were
some studies in which English was compared to Korean using speech samples by Korean
learners of English (e.g., Han, Hwang, & Choi, 2011; Lee, Guion, & Harada, 2006). Thus, those
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studies could show the speech samples by Korean learners of English were different from those
of English native speakers with respect to lexical stress features, but they could not provide a
rationale why Korean speech samples were divergent from English speech samples. The current
study, however, suggests that this divergence might be attributable to the characteristics of the
Korean language that each syllable of Korean words is uttered with similar length, pitch, and
intensity and Korean speakers’ tendency to utter each syllable of Korean words with full vowels.
Experiment II
Experiment II was designed to answer the second and third research questions. The
second research asked whether there is a difference in English native hearers’ recognition rates
and RTs of three different sets of disyllabic English loanwords in Korean: Original English
loanwords in Korean, English loanwords in Korean with lexical stress (higher pitch, longer
duration, and higher intensity) on the stressed syllable, and English loanwords in Korean with
manipulated vowel quality (stressed syllables with full vowels and unstressed syllables with
reduced vowels). The second RQ also asked whether there was any perceivable pattern in
English native hearers’ incorrect responses. The third RQ asked whether there is a difference in
native English hearers’ recognition rates and RTs of three different sets of disyllabic English
loanwords depending on the stress patterns of the source language (English): strong-weak vs.
weak-strong syllables.
Overall, respondents of Experiment II answered 49% of all the tokens correctly and 51%
incorrectly. 45% of those incorrect responses were left blank. Blank answers were most often
found in the set with suprasegmental manipulation and the set with vowel quality manipulation
saw the fewest blank answers.
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According to the analysis of the results, there were significant differences in the English
native hearers’ recognition rates among the three sets. The respondents for the set with
suprasegmental manipulation are 1.4 times more likely to identify the token than those for the set
with no manipulation. The results also showed that the likelihood for English native hearers to
identify the spoken tokens was 4.5 times higher when they heard the tokens from the set with
vowel quality manipulation than when they heard the tokens from the set with no manipulation.
When recognition rates were compared between the sets with suprasegmental manipulation and
vowel quality manipulation, the chance for English native hearers to find correct answers was
almost three times higher for the set with vowel quality manipulation than with suprasegmental
manipulation.
The results of this experiment are partially consistent with the findings of Field (2005). In
his study, intelligibility by English native speakers decreased by 20% when lexical stress was
shifted on disyllabic English tokens. And when stress shift was combined with shifting vowel
quality, intelligibility rather decreased only 7%. On the contrary, only 40% of respondents in the
current study were able to identify correctly the tokens with incomplete segmental information
but with sufficient suprasegmental information. It is significant that in line with Field’s results,
the current study also supports the position that suprasegmental information somehow influences
the recognition of spoken words. However, the gap in success rates found in both studies might
be attributable to the way tokens were manipulated.
Field’s study used tokens produced by an English native speaker, who also manipulated
them by switching lexical stress. Moreover, the native speaker was also involved in manipulating
vowel quality with no software program utilized in manipulations. In contrast, the current study
used tokens uttered by a Korean native speaker, who also participated in suprasegmental
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manipulation. Accordingly, given that the tokens of Field’s study contained sufficient segmental
information stemming from the manipulation methods, it is not surprising that almost 77% of
respondents in Field’s study, compared to 40% respondents of this study, succeeded in
identifying the spoken tokens even though the tokens have misplaced stress. As a result, it can be
inferred from the results of this study that suprasegmental information plays a role in spoken
word recognition; however, incorrect segmental information might considerably impair hearers’
capacity to identify spoken words.
The results of this study concerned with the role of lexical stress in the recognition of
spoken tokens are also supportive of the findings by Connine et al. (1987), which support the
role of lexical stress (suprasegmental features and vowel quality) in the recognition of spoken
words. Still, since their study did not provide quantifiable results, directly comparing this study
with their study and inferring how much lexical stress influences recognizing spoken words were
difficult.
However, as for comparing the roles of suprasegmental features and vowel quality in
spoken word recognition, the findings of this study were not congruous to the assertions of
Cutler (1986). She argued that lexical stress played no role in spoken word recognition, so
forbear and forbear were no more than homophones without the contrast of full and reduced
vowels. On one hand, the current study largely confirmed her argument that vowel quality is the
crucial factor in the spoken word recognition. The tokens from the set with vowel quality
manipulation were 4.5 times more likely to be identified than those with no manipulation. Yet, at
the same time, the results of this study also added support to the suggestion that suprasegmental
features are also an influential player in spoken word recognition. Though small compared to the
influence of vowel quality, their role is still significant with 1.4 times more tokens with
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suprasegmental manipulation likely to be identified than those with no manipulation. However,
when these two factors are compared, vowel quality seems to be a much more influential
determinant than suprasegmental features. The tokens with vowel quality manipulation had 3.2
times more likelihood to be identified than the ones with suprasegmental manipulation. As a
result, as far as recognition rates in spoken word recognition go, both suprasegmental features
and vowel quality are influential factors; yet, vowel quality is still a stronger player than
suprasegmental features.
Similar differences in recognition rates were not found between the two stress patterns
under investigation (SW vs. WS). The correct responses to the set with vowel manipulation were
evenly split between the two patterns. Only the responses to this set were used because the
tokens of this set had the contrast of full and reduced vowels. Though vowel quality is a strong
contributor in identifying spoken words, the stress patterns do not appear to have affected
hearers’ lexical decision process. This finding is divergent from the results of Field (2005),
where stress shift to the left (the first syllable) resulted in more identified tokens. It also
contradicts the findings of previous studies which consistently supported the important role of
the first syllable with a full vowel (Cooper et al., 2002; Cutler, 1986; Slowiaczek et al., 2006).
In a similar vein, the advantage of a full vowel at a beginning syllable for lexical access
suggested by Cutler & Norris (the Metrical Segmentation Strategy), which is theoretically
underpinning this study, was not corroborated by the findings. The recognition rates for the SW
pattern were not significantly different from those for the opposing pattern (WS). However, for
the tokens only with full vowels, the advantage of the strong first syllable was still observed.
Furthermore, this study confirmed the benefit of the alternation of a full and a reduced vowel or
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the other way around, which is also a key component upholding this theoretical model. Overall,
it can be said that MSS partially explains the results of this study.
As for RTs among the three sets with different manipulations, no significant differences
were found. So to speak, even with manipulating suprasegmental features and vowel quality, the
tokens were not identified rapidly compared to the ones with no manipulation. It had been
assumed that respondents would identify the tokens with manipulation more quickly because
they had more information. This study used tokens with incomplete segmental information
unlike previous studies which utilized tokens produced and manipulated by an English native
speaker. Incomplete segmental information might cause hearers to take more time to search for
every possible lexical candidate than in previous studies where tokens with complete segmental
information. For example, in Cutler (1986), participants were asked to make a lexical judgement
by cross modal priming. In other words, after participants heard forbear, they needed to choose a
picture matching its meaning differentiated by the location of stress. In this process, they were
only required to focus on the location of stress because the token had complete segmental
information. Accordingly, this process of lexical access enabled meaningful differences to
emerge between the responses of the different stress types and correct and incorrect responses.
By contrast, incomplete segmental information in the tokens used in the current study took
respondents much more time to have lexical access, which makes it hard to make any meaningful
inferences from the collected RTs.
Likewise, no difference was discovered in RTs between the two stress patterns for the set
with vowel quality manipulation. This finding is rather surprising because all previous studies
indicated the words with the SW pattern were more quickly identified than the words with the
opposite pattern (WS). Cutler and Clifton (1984); Slowiaczek et al. (2006) suggested that the
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words with full vowels in the first syllables are more advantageous than the ones with weak
vowels.
One possible explanation for this large discrepancy between previous studies and this
study regarding RTs might be found in the fact that previous studies (e.g., Cutler, 1986; Cutler &
Clifton, 1984) dealt with prelexical stages of word recognition whereas this study explored the
whole processes of lexical access. That is, the approach of this study concerns whether
respondents have located a lexical representation of a token in their lexicon after utilizing all the
available information; thus, a hearer might have spent a similar amount of time to identify a
token correctly or incorrectly and a token of the SW pattern or the WS pattern. By contrast,
previous studies focused on how sublexical representations (phonemes or/and syllables
sometimes with prosodic information) especially in onset positions influence spoken word
recognition.
The longer RTs of this study compared to previous studies might also stem from the
different methods the studies employed for experiments. This study, where hearers were asked to
transcribe identified words, measured the RT from the point hearers clicked the embedded audio
file to play to the point they clicked the blank box to transcribe what they heard. On the other
hand, for example, previous studies using cross-modal priming, where hearers were to select a
picture corresponding to the lexical representation of a spoken token, measured the RT from the
point where the audio file was played to the point where hearers selected a picture by pressing a
button out of two buttons. In the case of the latter, hearers were given limited choices, two to
several pictures; therefore, given choices could streamline the process of lexical activation and
make hearers solely focus on activating lexical representation. This way, researchers could see
which variable under investigation facilitated lexical activation.
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By contrast, letting hearers identify the whole word on their own might result in
individual differences; that is, some individuals might invest all available cognitive effort in
persistently identifying the word causing lengthened RTs whereas other individuals might easily
give up and move on to the next item as instructed (in the experiment’s instructions, hearers were
instructed to move to the next item when they could not identify the word leaving the text box
blank). Additionally, the experiment of this study was not carried out in a controlled environment
such as in a lab where the researcher and hearers are all present, but was administered online. In
other words, there is a chance a hearer might have been distracted by something while taking the
online experiment, which might have caused extended RTs.
To obtain more reliable RTs, it is suggested that in future studies, similar experiments
need to be carried out in a controlled context such as a lab, and psychological pressure should be
imposed on hearers by placing a time-limit for each item so that they are required to identify the
word solely relying on the given information of sound signals.
In addition to the statistical analysis of the data, an additional analysis of the incorrectly
transcribed responses of each token uncovered interesting patterns. The token analysis reaffirmed
the results of the statistical analysis. Tokens such as machine and attack demonstrated well how
manipulation had an impact on respondents’ recognition: No respondents to the tokens with no
manipulation succeeded in identifying these tokens. However, with the suprasegmental
manipulation, more tokens were identified, and the tokens with vowel quality manipulation
demonstrated even higher recognition rates than those with suprasegmental manipulation.
Furthermore, the high recognition rates for cookie from the set with no manipulation led
to an assumption that even a token with no suprasegmental information and incorrect vowel
quality might be easily recognized as long as segmental information is sufficient. This analysis
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also discovered that when two English consonants are substituted with one consonant in English
loanwords in Korean because either of them is not present in the Korean consonant inventories,
respondents might be likely to perceive the substituting consonant as a sound which is closest to
their segmental inventories. For instance, English has two liquid sounds (one lateral /l/ and one
non-lateral /r/) while Korean has only one liquid (the lateral /l/). As a result, when English native
hearers listened to running uttered by a Korean native speaker, most of them perceived it as
learning.
The analysis of respondents’ incorrect answers also highlighted another aspect of a role
suprasegmental features play in spoken word recognition. According to the analysis, when
insufficient segmental information is provided, it appears to be that suprasegmental information
guides hearers to focus more on the consonants of the stressed syllables than those of the
unstressed syllables. For instance, machine with suprasegmental manipulation was often
identified as washing. The consonant of the stressed syllable /ʃ/ was under more focus than /w/ of
the unstressed syllable. This kind of finding was only available owing to the tokens lacking
segmental information, English loanwords in Korean, which this study employed.
Conclusion
This study investigated whether Korean has lexical stress at the word level similar to
English. It also attempted to answer the following questions: Do suprasegmental features or
vowel quality of English lexical stress play a role in spoken word recognition? If they do, which
factor is more important in intelligibility? In addition, this study examined whether the stress
patterns have a strong effect on intelligibility as previous studies suggested.
The results of Experiment I demonstrated that Korean does not have lexical stress as in
English. That is, the relative prominence of the stressed syllable over the unstressed syllable was
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not found in Korean. As for vowel quality, this study also showed that Korean vowels are always
pronounced as full vowels, and reduced vowels, such as English schwa, were not found in
Korean vowel inventories. Furthermore, Korean was found to be significantly different from
English when acoustic features of lexical stress are compared between two languages.
Ultimately, all of these findings laid a foundation for the second experiment of this study, which
was grounded on the assumption that Korean does not have lexical stress realized by
suprasegmental features (duration, F0, and intensity) and vowel quality (the alternation of a full
vowel and a reduced vowel) as in English.
These findings are considered significant because few studies attempted to make a
parallel acoustic comparison between Korean and English to find how Korean is different from
English in terms of English lexical stress. There were some previous studies comparing speech
samples by English native speakers and the ones by Korean learners of English. The findings of
these studies provided information on how much the Korean samples deviated from the native
norm, but failed to disclose where this deviation is derived from. By contrast, the current study,
using English loanwords in Korean which made feasible a parallel acoustic comparison between
English and Korean, allowed for information on why this deviation takes place in the first place.
For example, when Korean learners of English consistently produce /ʌ/ instead of the English
schwa /ə/, based on the findings of this study, teachers in ESL/EFL classrooms might understand
why their students mispronounce this sound and focus on teaching them how to articulate this
sound accurately.
This study utilized English loanwords in Korean for testing English native hearers’
intelligibility of spoken words. This approach is different from previous studies which made use
of speech samples produced by English native speakers. As a result, the tokens of this study have
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incomplete segmental information whereas the tokens of other studies have sufficient segmental
information. Accordingly, these different conditions entailed much lower recognition rates for
this study than for previous studies. In Field (2005), English native speakers correctly identified
81% of misstressed tokens; yet, in this study, respondents succeeded in identifying only 40% of
the tokens with English suprasegmental features.
The results of this study are in agreement with the positions of previous studies on the
roles of suprasegmental and vowel quality in spoken word recognition. The results confirmed
that suprasegmental features as well as vowel quality are important contributors to recognizing
spoken words. However, when these two factors are compared, this study supports the
supremacy of vowel quality over suprasegmental features. According to this study, vowel quality
is deemed to be three times more influential in spoken word recognition than suprasegmental
features.
The findings are considered to be significant with respect to identifying spoken words. In
previous literature, few studies were found that compared the relative weights of suprasegmental
features and vowel quality in a single study. Moreover, any previous studies did not attempt to
turn this weight into quantifiable values so that the relative importance of one factor over the
other could be concretely presented based on computed values. This study showed that when
suprasegmental features were added to English loanwords, the likelihood of identifying them
increased by 1.5 times. The same words with English vowel quality, the study found, were 4.5
times more likely to be recognized than English loanwords in Korean. When suprasegmental
features and vowel quality were compared, tokens with vowel quality manipulation were found
to have 3.2 times more likelihood to be recognized than those with suprasegmental manipulation.
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However, with respect to RTs, this study did not find any significant differences between
the two stress patterns (SW vs. WS) as well as among the three sets of manipulation. This
finding is contradictory to those of previous studies which based their claim for the meaningful
role of either suprasegmental features or vowel quality on the differences in RTs. This
divergence between this study and previous studies might be attributable to the stimuli of this
study, which were English loanwords in Korean. These tokens might naturally contain
incomplete segmental information; therefore, it is likely that hearers might spend more time to
locate a lexical candidate whether correctly or incorrectly than they listen to tokens with
complete/sufficient segmental information. After all, any interventions such as the manipulations
and the stress patterns might have been overridden by the lengthened time of lexical access
derived from incomplete segmental information; so, they were not able to generate any
meaningful differences in RTs.
Similarly, the stress patterns did not result in any significant differences in recognition
rates between the two patterns (SW and WS). This finding is also unlike the results of many of
previous studies. A majority of the previous studies claimed the supremacy of the SW pattern
over the WS pattern in intelligibility based on the differences of RTs. The extended time spent
on finding a right lexical candidate because of incomplete segmental information made the
differences in RTs insignificant. As a result, an assumption can be made that when segmental
information is insufficient, the advantages the first syllable with a full vowel holds get
minimized.
This finding can add support to the previous claim in literature that segmental
information is more important than suprasegmental information in word recognition. This claim
was made before by many researchers. For instance, van Donselaar et al. argued that “if reliable
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segmental cues adequately distinguish between words, there may be no need for listeners to
attend to the later arriving suprasegmental information” (van Donselaar et al., 2005, p. 252). This
argument was echoed by Cooper, Cutler, & Wales who said “Where segmental information—
whether or not correlated with stress differences—distinguishes words more rapidly than
suprasegmental information, there may be little incentive for listeners to attend to the
suprasegmental features” (2002, p. 209).
The relative importance of segmental information over suprasegmental information was
also supported by other results in this study. The token analysis revealed that two tokens, cookie
and guitar, from the set with no manipulation scored highest recognition rates with 93.5% and
90.3% respectively. Though these Korean tokens lack English lexical stress features, they have
phonemic features which are approximate to those of English words. So to speak, as long as
segmental information is sufficient, the absence of suprasegmental features or/and vowel quality
does not cause any issue in identifying spoken words. Another result of this study upholds this
claim as well. The recognition rate for the set with vowel quality (68.3%) was much higher than
that for the set with suprasegmental manipulation (40.3%). This result, in turn, tells segmental
information is more influential than suprasegmental information in that reducing vowels is
considered as one of segmental features (Cutler, 2015b).
Overall, this study revealed that Korean words are significantly different from English
words in terms of lexical stress features. It also reaffirmed the suggestions of previous studies
that suprasegmental features as well as vowel quality play roles in recognizing spoken words.
Furthermore, this study suggests that vowel quality is a much more powerful contributor to
spoken word recognition than suprasegmental features. Lastly, the findings of this study
corroborated the importance of segmental features, which previous research has been upholding.
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Limitations of the Study
This study addressed specified issues concerned with the topic and made a meaningful
contribution to the field of SLA. This study offered some insights on why ESL learners whose
native language lacks an alternation of full and reduced vowels like English tend to pronounce
all the syllables of English words as full vowels and how their speech lacking that alternation
impairs native hearers’ intelligibility. Nonetheless, there are some important limitations to note.
One of the limitations is concerned with stimulus manipulation, which was a crucial part
of this study design. For the purpose of comparing the effects of two variables (lexical stress and
vowel quality), this study substituted the vowels of English loanwords in Korean with English
vowels and manually changed the suprasegmental features of the manipulated tokens using
Praat. This complicated process due to the constraints of current speech manipulation technology
might have resulted in the tokens which did not sound as natural as human speech.
In the field of speech pathology, there have been several efforts to manipulate speech
samples mechanically to make them sound as natural as possible (e.g., Richter, 2002). Richter’s
study used Praat scripts to manipulate the first and second vowel formants, which are responsible
for vowel quality. Following Richter’s study, the attempts to manipulate vowel quality only
using Praat scripts were made. However, the resulting manipulated sounds seemed to be
inappropriate for experimental tokens because they sounded so unnatural that they might
potentially undermine the validity of the test. This divergent result from Richter’s manipulation
might be due to the fact this current study used disyllabic words whereas Richter manipulated
only monosyllabic words. In terms of formant changes, there are more factors involved in the
articulation of two syllable words than in one syllable words. The transition from the first to the
second syllable might affect the formants in the offset boundaries of the first syllable, and
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likewise, the formants in the onset boundaries of the second syllable might be affected by this
transition. As a result, the same vowels might have different vowel qualities depending on
whether they are monosyllabic or disyllabic. That is to say, the manipulation in monosyllabic
words might not turn out the same naturalness as it is applied to disyllabic words.
The alternative to the Praat script manipulation was the two-step manipulations. In the
first step, the vowels of the English loanword were substituted by corresponding English vowels.
Then, the suprasegmental features of the substituted vowels were manipulated again after the
values of Korean vowels in the second step. Because it still involved manipulating
suprasegmental features using Praat in the second step, the tokens after this manipulation might
not have been as natural as the original sounds spoken by a native speaker. For the sake of
ensuring the naturalness of the tokens, a trained phonetician checked the naturalness of the
tokens in addition to spectral comparisons of the manipulated sounds and original sounds. Still,
the sounds would not be as natural as the sounds manipulated by a human. Previous studies on
this topic did not have this issue because a native speaker participated in the manipulation of
vowel quality, but this kind of manipulation does not allow the exploration of the effects of
nonnative segmental features, which was one of the foci of this current study. Future research,
with the advancement of speech manipulation technique, might yield more reliable results in
intelligibility experiments involving stimulus manipulation.
Another possible limitation is that while this study investigated intelligibility between
interlocutors, it was conducted in a controlled environment. That is, stimuli were recorded in a
silent place with little noise present; moreover, participants took part in the experiment wearing a
headset and away from possible interruptions and distractions. These conditions were divergent
from authentic contexts listeners might encounter in their daily lives. The controlled
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experimental setting of this study might have been inevitable because this study focused on the
comparison of two selected features. Therefore, caution is needed when the interpretation of
study results is extended to the intelligibility of speech in authentic contexts. Further research is
suggested to explore the same topic by adding noises to stimuli or using tokens taken out from
actual speech.
Areas for Future Research
In addition to the areas proposed in the discussion of limitations, several more areas are
suggested for future research in this section. First, the combined effect of suprasegmental
features and vowel quality on intelligibility still needs to be explored. This study focused on
investigating the separate weight of each factor on intelligibility in order to discriminate the
supremacy of one factor over the other. However, a thorough investigation is needed on how
suprasegmental features along with vowel quality would supplement incomplete segmental
information and help hearers identify spoken words. This investigation would add another
insight to how incomplete segmental information affects the intelligibility of the tokens with
both suprasegmental features and vowel quality.
Another area which seems to need further investigation is polysyllabic words with more
than two syllables. This study used exclusively disyllabic words to probe how the alternation of a
full vowel and a reduced vowel affects recognizing spoken words. Thus, with another variable,
the number of syllables, it might be interesting to see how this variable influences the
identification of tokens with incomplete segmental information and then, how the variables (the
number of syllables, the manipulation types, and the stress patterns) correlate to identify spoken
words.
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The results of the study suggest incomplete segmental information of tokens affects
hearers’ recognition of spoken words; in turn, the same results shed light on an area for future
exploration. A need for further investigation arises in the recognition of spoken words with
complete segmental information but lacking lexical stress features, that is, the words which do
not have prominent syllables realized by longer duration, larger intensity, higher pitch, and the
alternation of full and reduced vowels, but have sufficient segmental sounds analogous to those
of native speakers. Some previous studies (Cutler, 1986; Field, 2005) used tokens with complete
segmental information; however, the tokens still had misplaced stress resulting from shifting
stress by a native speaker. Thus, a study examining the roles of insufficient segmental
information coupled with the lack of lexical stress features might add another insight to the
investigation of spoken word recognition.
As in Experiment I, it might also be worth making another cross-linguistic acoustic
comparison between the speech samples by native Korean speakers and by second language
learners of Korean specifically with English as their native language. This comparison might
shed some light on how learners’ native language with lexical stress affects their L2 Korean
speech samples. That is, whether they retain lexical stress features and how their acoustic
characteristics differ from the native Korean speakers’ speech samples in terms of
suprasegmentals and vowel quality. Along with the results of this current study, this comparison
might provide a broader overview on the cross-linguistic influences of lexical stress features.
Lastly, this study probed how the absence of lexical stress influences the intelligibility by
hearers whose language has lexical stress: that is, how well English native hearers recognize
English loanwords spoken by a Korean native speaker. The results indicated that the absence of
stress features in spoken tokens might have an impact on hearers’ spoken word recognition. On
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the contrary, unexplored is how the presence of lexical stress in tokens affects the intelligibility
of hearers whose native language lacks lexical stress. For instance, would Korean native hearers
be able to identify Korean words spoken by an American learner of Korean, which are likely to
contain English lexical features? In a cross-language perception of spoken words, Peperkamp
and Dupoux (2002) introduced the concept of stress-deafness where speakers whose language
does not have contrastive stress might have difficulty distinguishing stress. According to their
assertion, it is assumed that Korean hearers, whose native language lacks contrastive stress,
might have a hard time repeating after English words they hear. Then, it would be intriguing to
examine whether stress-deafness would be detrimental to spoken word intelligibility.
Applied Implication
This study had two primary underlying goals. One was to inform the English
pronunciation teaching community with regard to how segmental and suprasegmental features
affect hearers’ intelligibility. The other was to make suggestions regarding which feature should
be prioritized in teaching English pronunciation.
The findings of this study suggest that segmental information is important; yet,
suprasegmental features still play a role in spoken word recognition. The findings also imply the
alternation of a full vowel and a reduced vowel is a more significant factor than suprasegmental
features in recognizing spoken English words. Taken together, these findings suggest to the
English teaching community that both segmentals and suprasegmentals need adequate attention
and neither factor should be sidelined over the other.
However, in case time and resources are limited and a teaching focus needs to be
prioritized, this study cautiously advises English teachers to put more focus on teaching the
alternations of full and reduced vowels or vice versa (e.g., in attack, the reduced vowel in the
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first syllable is followed by the full vowel in the second vowel). The results of this study
demonstrated that inaccurate segmental sounds seem to interfere with hearers’ recognition of
spoken words and suprasegmental features do not seem to hold as much weight as vowel quality
in spoken word recognition.
Particularly, the study informs English teachers in Korea of the area which calls for their
attention in teaching English pronunciation. Vowel quality, according to this study, plays a
crucial role in recognizing spoken words. Notwithstanding, Korean learners of English are likely
to enunciate English reduced vowels as full vowels because Korean does not have a reduced
vowel in its vowel inventories. Therefore, teachers should themselves have an awareness of the
critical role of vowel quality in recognizing spoken English words. Then, they need to guide their
student’s attention to the likelihood that they will pronounce all English vowels as full vowels
and explain about the necessity to reduce unstressed vowels.
Based on the findings of this study, teacher workshop materials on teaching vowel
reduction were developed and included in the next section. These materials are comprised of four
sessions, which contain an introduction to lexical stress and intelligibility and methods for
teaching vowel reduction. In particular, the introduction features a rationale for developing the
materials based on the results of the study. The materials of the method section cover a way for
teachers to check their vowel quality on their own and several activities which can be used in the
classroom. Lastly, the materials for the last section include some prompts that encourage
teachers to reflect on their practices of teaching English pronunciation.
Modules for training Korean English teachers
These modules are created for four sessions, one module for each session, and each session lasts
for 90 minutes. This training has a goal of raising awareness on the importance of teaching
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pronunciation and specifically English lexical stress. It can provide English teachers with an
opportunity to reflect on their English teaching and to develop activities designed for improving
students’ pronunciation.
Module one (90 minutes) -- Introduction
This session has the goal of raising awareness on the importance of pronunciation
teaching. Through the session, in-service English teachers can have a better understanding of
English lexical stress features.
The session begins with the lecturer’s questions on the personal experiences of
communication breakdowns in English. Since most of in-service teachers may have an
experience of living in English-speaking countries, they might have had these kinds of
experiences.


The lecturer asks in-service English teachers whether they have had an experience of a
communication breakdown in English before and mentions that the experience may or
may not be related to pronunciation issues.



The lecturer tells his personal episode and asks teachers to share their experiences.



Then, the lecturer asks again what, they think, might have caused the breakdown.



The lecturer and the teachers pick the reasons which were most often suggested.



The lecturer presents his own ideas about the reasons and classifies the reasons into three
groups: phonemic/phonetic, semantic, and pragmatic.



Primarily, the lecturer focuses on the reasons derived from mispronunciation



The lecturer gives teachers a chance to check whether his pronunciation is well
understood by voice recognition tools such as Google Voice Search or Siri when they test
English loanwords. The lecturer prepares some words for teachers to search using the
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tools. The words will consist of 16 English words which were borrowed into English
loanwords.


The teachers are asked to test both versions of the test words, one with English words and
the other with English loanwords to the tools. They collect the recognition rates of both
groups of the words and compare the rates.



Then, the lecturer moves the topic to the role of English lexical stress on intelligibility



The lecturer gives an introduction on English lexical stress: what is it comprised of? And
what are suprasegmental features and vowel quality?



The lecturer presents the results of the lecturer’s study which examined the roles of
suprasegmentals and vowel quality.



The lecturer sums up the results and introduces a free speech recording program,
Audacity. The software might be used for the teachers to record their speech, which is
their assignment for the next session.



The lecturer gives the teachers an assignment of recording their reading of the words
using Audacity or any audio recording software and bringing the audio files saved
as .WAV to the next session.
Module two (90 minutes) – Speech comparison
In this session, the English teachers would have a chance to compare their speech

samples with those of an English native speaker and a Korean native speaker. The session has
the goal of making the English teachers realize how their speech might be acoustically different
from that of an English native speaker and how Korean is different from English in terms of
lexical stress features.


The teachers get some training on how to use Praat, a free sound analysis software.
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The lecturer asks the teachers to segment their own speech samples into syllables and
vowels on Praat.



The lecturer asks the teachers to download two sets of segmented speech samples with
textgrids the lecturer will have prepared.



The lecturer asks the teachers to compare the segmented syllables and vowels of each set
of speech samples. The teachers put down the values on the worksheet they measured for
the following features: duration, intensity, F0, and F1 and F2 values.



The teachers share with the class what they find after the comparison.



The lecturer asks the teachers to think about an activity on pronunciation teaching
oriented to lexical stress as an assignment.
Module three (90 minutes) – Class activities
This session has an objective of letting English teachers develop an activity for

pronunciation teaching centered on English lexical stress. By sharing what they develop, they
learn from other groups about teaching pronunciation.


The lecturer introduces one sample activity on teaching pronunciation to the class.



The lecturer demonstrates the sample activity.



The lecturer prepares index cards written with disyllabic words with a full vowel
followed by a reduced vowel or/and vice versa on both sides.



The lecturer asks the teachers to team up with a partner.



One teacher shows the cards one by one and the other teacher pronounces the word on the
card.



The other teacher monitors and records the partner’s pronunciation and checks whether
reduced vowels are correctly pronounced.
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When a teacher spots a reduced vowel pronounced by his/her partner as a full vowel,
he/she gives feedback on that.



Next, both teachers listen to the recorded pronunciations and go back to mispronounced
words.



They take turns.



The teachers are divided into groups of four.



As a group, they develop an activity of teaching pronunciation focusing on lexical stress.



Each group gets the mini lesson plan from another group and reviews/critiques it.
Module four (90 minutes) – Class activities & Wrap up

This session has the goal of providing the English teachers with a chance to reflect on their
classroom teaching practices with respect to pronunciation teaching


The teachers ask the teachers to answer the online survey delivered through
SurveyMonkey, which is an online survey software. The survey is on their classroom
practices on pronunciation teaching and is conducted on the spot.



Since the survey results can be instantly available, the results are shared to the whole
class.



The lecturer asks the English teachers to share their classroom teaching practices
concerned with teaching pronunciation.



Sample questions: -How often do you teach pronunciation a week/a month?
-When you teach pronunciation, how much time do you spend in one
session?
-What do you think is most important in teaching pronunciation?
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-What element do you think is most important in verbal
communication?
-How do you teach pronunciation in your classroom?


They also share with the class how they would incorporate what they learned into their
classroom teaching.



The whole sessions are over.

Largely, through these modules, Korean English teachers are expected to raise their
awareness on the importance of English lexical stress, specifically English vowel quality, and its
impact on intelligibility for native English hearers. It is hoped that these modules help prepare
them to design their own classroom strategies integrating this finding. English teachers in Korea
have given lower priorities to teaching pronunciation compared to other areas though they
concede that facilitating students’ communicative skills should be prioritized in their teaching. In
comprehending what an interlocutor says, logically speaking, listening always comes ahead of
speaking. These training modules should provide Korean English teachers with a chance to
notice how critical English lexical stress is in listening comprehension. This noticing would lead
to teachers’ effort to accommodate this feature in their lesson plans developing a variety of
activities enhancing students’ awareness on this feature. This awareness should naturally result
in encouraging students to incorporate this feature while they produce any English speech
sounds. Overall, in addition to directing teachers’ attention to a quintessential but neglected
component in English listening, these modules offer opportunities for English teachers to
experience themselves how important this feature is and how it can be taught in the classroom.
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Appendix A: The candidate words after the first screening (188 words)
1. Strong-Strong pattern words (23 words)
bingo cartoon combo demo echo motel limbo mango manhole menu monsoon hotel
motto ozone popcorn polo poncho reset routine soda suntan vaccine condo
2. Strong-Weak pattern words (151 words)
action album anchor apple army Arab attic beacon beaver body boxing buffer building
bully bumper bunker burner butter catcher camping cannon captain carry ceiling center
checker cherry circuit city coffee colon color comic comma cookie cooper copy corner
coupon cunning curling cursor dancer dealer delta diesel dinner dollar dolphin donor
double doughnut dubbing dumping engine enter error fencing ferry fiction forum garlic
ginger gossip gothic holder holding honey honor inning jelly ketchup killer label landing
Latin liter loading local lotion magic manner margin measure medal meeting melon
member mimic mixer model money motion motor muffin napkin ocean offer option order
penguin penny picket pidgin pitcher pocket porker porter putting rally random robot
roller rolling royal ruby rugby rumor running server shilling shooter shooting silver
surging symbol tango tanker target tempo tension terror toner tonic topic topping tulip
tuning turbine turbo turkey turnip under vendor villa visa vocal wagon walking water
zipper
3. Weak-Strong pattern words (14 words)
appeal attack console gazelle intern machine marine refill return taboo balloon canoe
guitar alarm
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Appendix B: Distractors

Korean Distractors (16 words)
빙고 (bingo) 바디 (body)

센터 (center) 체리 (cherry) 콤보 (combo) 콘도 (condo)

픽션 (fiction) 가십 (gossip) 호텔 (hotel)

메뉴 (menu) 머니 (money) 페니 (penny)

포커 (porker) 팝콘 (popcorn) 토픽 (topic) 백신 (vaccine)

English distractors (16 words)
album apple building captain
polo

soda

cartoon coffee color dealer dollar error honey killer

turkey water
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Appendix C: English practice items

English practical items (5 words)
action bully ketchup napkin

terror
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Appendix D: Linguistic background questions

1. Are you a native speaker of English?
2. Please, write any second or heritage languages you know or have learned.
3. Do you have any hearing problems?
4. If you have anything else you’d like to mention about the experiment, please do so here.
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Appendix E: The counts of incorrect and correct responses of Experiment II
Manipulation Types
Korean original
suprasegmental
vowel quality
incorrect correct incorrect correct incorrect correct

Tokens
again
appeal
attack
attic
canoe
cookie
copy
guitar
inning
machine
magic
marine
meeting
ocean
return
running
Totals

Total
Correct

Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens
Count
% within tokens

25
73.5%
31
32.0%
31
50.0%
28
32.6%
18
56.3%
2
20.0%
10
30.3%
3
20.0%
29
40.8%
31
47.7%
5
62.5%
31
32.0%
17
32.1%
18
42.9%
29
39.2%
28
45.9%

6
8.7%
0
0.0%
0
0.0%
3
17.6%
13
18.3%
29
31.2%
21
30.0%
28
31.8%
2
6.3%
0
0.0%
26
27.4%
0
0.0%
14
28.0%
13
21.3%
2
6.9%
3
7.1%

8
23.5%
29
29.9%
30
48.4%
26
30.2%
12
37.5%
2
20.0%
13
39.4%
8
53.3%
28
39.4%
27
41.5%
2
25.0%
30
30.9%
4
7.5%
17
40.5%
29
39.2%
31
50.8%

23
33.3%
2
33.3%
1
2.4%
5
29.4%
19
26.8%
29
31.2%
18
25.7%
23
26.1%
3
9.4%
4
10.5%
29
30.5%
1
16.7%
27
54.0%
14
23.0%
2
6.9%
0
0.0%

1
2.9%
37
38.1%
1
1.6%
32
37.2%
2
6.3%
6
60.0%
10
30.3%
4
26.7%
14
19.7%
7
10.8%
1
12.5%
36
37.1%
32
60.4%
7
16.7%
16
21.6%
2
3.3%

40
58.0%
4
66.7%
40
97.6%
9
52.9%
39
54.9%
35
37.6%
31
44.3%
37
42.0%
27
84.4%
34
89.5%
40
42.1%
5
83.3%
9
18.0%
34
55.7%
25
86.2%
39
92.9%

69
100.0%
6
100.0%
41
100.0%
17
100.0%
71
100.0%
93
100.0%
70
100.0%
88
100.0%
32
100.0%
38
100.0%
95
100.0%
6
100.0%
50
100.0%
61
100.0%
29
100.0%
42
100.0%

Count
% within tokens

336
40.0%

160
19.8%

296
35.2%

200
24.8%

208
24.8%

448
55.4%

808
100.0%
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Appendix F: The IRB Approval Letter
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Appendix G: Korean IPA Consonants/Vowels Symbols
⁕ Korean IPA Consonant Symbols

Consonant chart of Korean [Online image]. (1999). Retrieved August 13, 2017 from
http://www.youngkorean.com/kaeps/kor_phon.html

⁕ Korean IPA Vowel Symbols

Front

Back

Unrounded

Unrounded

Rounded

High

i

ɯ

u

Mid

ɛ

ʌ

o

ɑ

Low

Adapted from. The Sounds of Korean (p. 102), by J. Shin, J. Kiaer, & J. Cha, 2012, Cambridge:
Cambridge University Press.
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Appendix H: Permission for reprinting the Figure 8. American English Vowel Chart
The Book Title: Applied English Phonology
The Author: M. Yavas
Page number: p. 105
Publisher: John Wiley & Sons, Ltd.
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Appendix I: Permission for reprinting the Figure 9. Formant chart (ten male and ten
female speakers of Standard Korean)

The Book Title: The Handbook of Korean Linguistics
The Author: L. Brown and J. Yeon
Page number: p. 8
Publisher: John Wiley & Sons, Ltd.
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